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Abstract 
‘Net Positive Water’ explores the capability of domestic architecture to 
combat the developing urban water problem. Urban intensification is 
contributing to the volatility of urban waters and the breakdown of the 
urban water cycle. Inhabitant water misuse and overconsumption is 
overwhelming aging municipal utilities, resulting in the decay of urban 
water quality.  
 
LEEDTM and The Living Building Challenge are recognized Green 
Building Guidelines prescribing sustainable site and building water 
standards. Case Studies of domestic Green Building projects will 
showcase water conservation to enable domestic water renewal. Net 
Zero Water Guidelines based on the Green Building Guidelines outline 
Potable and Non-Potable water use to achieve a sustainable volume of 
water demand at 70 litres per capita per day. Sustainable water practices 
are encouraged by utilizing domestic building systems to increase water 
value and water awareness. Time-of-Use and Choice-of-Use exposure 
for household water related tasks establish water savings through the use 
of best-performing water fixtures and appliances. 
 
Net Positive Water Guidelines will establish On-site and Building 
standards for sustainable harvesting and storage of water resources. 
Clean and Dirty water management will prescribe Passive design and 
Active mechanical processes to maintain best-available water quality in 
the urban domestic environment. Net Positive Water building typology 
will integrate urban inhabitation as a functional component of the urban 
water cycle to use, reuse, and renew water resources. The method will be 
tested using a Mid-rise Pilot project to deploy the necessary Passive and 
Active mechanisms to generate Net Positive Water quality through Net 
Zero Water sustainable water use. The pilot project is situated in 
Waterfront Toronto - The Lower Don Lands development to harness 
regional interests for water renewal and environmental revitalization.  
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Chapter ONE - Introduction  
 
This thesis shall explore architectural solutions to reduce water 
consumption and generate sustainable water renewal. Net Positive Water 
(NPW) domestic typology explores beyond sustainable water 
performance integrating Net Zero Water (NZW) sustainable inhabitant 
use to combat the decline of urban water resources. Domestic water use 
will function as an integrated component of a Net Positive Water 
building cycle, where buildings will mimic and function as a component 
of the urban water cycle to generate water renewal.   
 
The significant impact of domestic construction on the urban water 
problem is identified as the focus for the thesis response in the City of 
Toronto. High density construction is selected as a form of urban 
intensification to apply NPW. Green Building Case Studies reflecting 
Guidelines and Standards prescribed by LEEDTM and the Living 
Building Challenge will be utilized as precedents to showcase sustainable 
water in higher density building typology.  
 
The Net Positive Water pilot project is a water independent domestic 
typology utilizing NPW and NZW Guidelines and Standards to establish 
a ‘Building as a Sponge’ construction strategy. ‘Building as a Sponge’ will 
yield project performance with positive water quality output by utilizing 
Passive and Active mechanisms for water renewal. NPW On-site and 
Building management will address Clean and Dirty water conditions 
under quality categories of Greenwater, Bluewater, Greywater and 
Blackwater. The pilot project will be subject to the environmental 
parameters and resource provisions of Toronto’s Lower Don Lands 
Development to function as an active contributor of a restored 
waterfront environment.  
 
The thesis will conclude by verifying the performance of the pilot project 
to deploy NPW Guidelines and Standards as a feasible building 
methodology. A performance matrix will outline the scale of building 
engagement required to generate Net Positive Water. Criticisms of NPW 
will identify potential issues with NPW building typology. Key 
recommendations will be established to explore the impact of Net 
Positive Water in alternative forms of high density building typology. 
Criticisms and recommendations will confirm the success of Net 
Positive Water as a capable form of architecture to combat the urban 
water problem.  
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1.1 The Urban Water Problem 
 
Canada’s urban inhabitants are squandering their fresh water resources 
through poor water practices. Water misuse and overconsumption has 
the removed fresh water from local water bodies resulting in volatile 
conditions in the urbanized ecosystem. The volatility is diminishing 
nature’s capability to renew regional water content. The disruption of the 
urban water cycle is resulting to degrading fresh water resources.   
 
The continual decline of fresh water has been documented by UNESCO 
publications on urban water, emphasizing the need to address ongoing 
issues relating to the role of water in cities. Tony Clarke, the co-author of 
‘Blue Gold’, a Canadian activist who identifies the regional implications 
of development expansion onto floodplain and wetland conditions. Over 
60% of the wetlands in the world have been destroyed over the past 100 
years and replaced with urban domestic inhabitation.  
 
The movement for equity and environmental sustainability comes as global conditions are 
changing dramatically and becoming more demanding.  We are the first generation to live on 
earth to witness a doubling of population in our lifetime.1 
 
Urban intensification in the City of Toronto has continued to increase 
the demand for domestic water. Dramatic increases in urban population 
and redevelopment of derelict urban lands expand the urban realm onto 
waterfront and river delta regions. The need to accommodate urban 
growth onto waterfront regions has threatened efforts to regenerate 
decaying environmental conditions that developed previously as a result 
of urban water abuse. The existing problem with domestic water 
consumption is compounded by increasing domestic growth, creating a 
fundamental problem in urban water.  
 
 
 
Figure 1.01 
The City of Toronto is a coastal
city of Lake Ontario. Water
related activities in the Don &
Humber watershed expose
inhabitants to severely polluted
‘fresh’ surface waters. 
Humber Bay, Toronto. 2009 
Figure 1.02 
Urban Water Cycle Processes and
Interactions, UNESCO, Paris,
2006. This chart displays the
relationship between stormwater
discharge and increasing
urbanization. The volatility of
discharge post development is a
substantial increase from which
the regional environment is
incapable to absorb or manage. 
 3 
 
 
 
 
Municipal water utilities are severely aged and manage domestic water 
demand utilizing outdated and non-sustainable water management 
practices. The established infrastructure cannot sustain the increasing 
water demands of urban intensification.  The increasing strain in 
Toronto’s water profile is accelerating the rate of environmental decay.  
 
Sustainable domestic water has the greatest opportunity for success in 
redeveloping waterfront regions. Waterfront land is valued for 
environmental exposure, communal conditions evoking pedestrian 
engagement, and proximity to water bodies that promotes the value of 
water resources. The waterfront lifestyle is a susceptible environment to 
generate a shift towards sustainable domestic water use. Developments 
on waterfront lands have become highly scrutinized for sustainable 
operation2. The opportunity to harness the energies devoted to 
regenerate Toronto’s waterfront will establish an atmosphere to curb the 
urban water problem.  
 
 
Figure 1.03 
 
The dilemma of the urban
water crisis is one of degrading
water quantity and quality.
Domestic water misuse and
overconsumption produces
wastewater at quantities that
are well beyond the
environments natural capacity
Figure 1.04 
 
An integrated matrix for 
Sustainability. Emphasis on 
Green Water, Wastewater, 
and stormwater infrastructure. 
Sustainability Framework.  
Toronto Waterfront 
Revitalization Corporation. 
July, 2005 
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1.2 Sustainable water in Residential Green Building 
 
Sustainable water use will look at Green Building Guidelines to prescribe 
building standards and design requirements for domestic typology.  
Leadership in Energy and Environmental Design (LEEDTM) and The 
Living Building Challenge (LBC) are recognized guidelines in the 
building industry to establish sustainable building performance. This 
thesis will evaluate LEEDTM and LBC, Site and Water initiatives to 
establish an architectural response to the urban water problem. 
 
Green Building prerequisites require detailed Environmental 
Assessments (EA) of project site conditions to provide an understanding 
of the impact of domestic construction. Site development must include 
permeable site coverage and the use of native vegetation to reintroduce 
rain percolation into regional soils. Soil contamination in Brownfield 
sites must be remediated to re-initialize natural urban water processes. 
The permeable On-site coverage extends from the landscape onto 
building surfaces. The initiative reduces the volume of stormwater 
drainage off of the building envelope allowing urban construction to 
manage stormwater on-site.  
 
Improving inhabitant water efficiency utilizes Energy StarTM water 
fixtures and appliances to develop water use reduction within the 
domestic household. Guidelines divert inhabitants away from using 
potable water provisions for outdoor irrigation and waste conveyance. 
Water treatment processes are required to restore post-consumed 
inhabitant waters to tertiary standards. This will allow water reuse in the 
domestic environment for non-potable household needs.   
  
LEEDTM and the LBC prescribe building performance as a response to 
the current levels of non-sustainable water use. Simple and advanced 
improvements to achieve sustainable waters increases inhabitant water 
awareness to influence resource conservations. Domestic architecture 
will assist inhabitants to moderate their water use through resource 
monitoring and metering. Increasing exposure of water resources within 
the home allows residents to sustainably manage their water profile.    
 
A series of case studies will evaluate Green Building performance in 
domestic construction. Analysis of Dockside Green development, 
Victoria B.C., and the Millennium Water Olympic Village, Vancouver 
B.C. and Drake Landing, Okotoks Alberta will exhibit the Green 
Building systems to manage Site and Water. Assessment of the Green 
Buildings will divulge the necessary mechanisms for water treatment and 
water renewal to combat against the urban water problem.   
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1.3 Net Zero Water sustainable use 
 
Net Zero Water (NZW) is a prescription for sustainable water use that 
places the responsibility and ownership of domestic water in the hands 
of the inhabitant. NZW improves upon the sustainable water 
performance of LEEDTM to bridge the absolutely performance objective 
of the Living Building Challenge. NZW performance is calculated from a 
‘Subtractive’ strategy by establishing a single goal for water neutrality at a 
maximum inhabitant water use value of 70 Litres per Capita per Day 
(LPCD). An ‘Additive’ process will accumulate domestic inhabitant 
performance as a step by step strategy to achieve the sustainable usage 
value.  
 
NZW Guidelines prerequisites respond to the issue of inhabitant water 
misuse and overconsumption. Water resources must be sustainably 
harvested and retained on-site to fulfill annual NZW demand. Improving 
domestic water performance requires a new model national baseline for 
water fixtures and appliances. Current baseline values are outdated and 
inadequate to establish sustainable water use. Greywater must be 
provided for non-potable household uses.  
 
NZW will establish Clean Potable, and Non-potable quality water 
provisions to optimize domestic water use. Potable water resources will 
only be utilized for human consumption and sanitation; with alternative 
water uses serviced by non-potable water quality. Dirty water Guidelines 
requires the removal of waterborne debris from post consumed water. 
Isolating waste from the water medium reduces the need for water 
renewal. Housekeeping Guidelines will rely on LEEDTM Green 
Housekeeping specifying sustainable product standards that do not 
negatively impact urban water quality. 
 
To achieve the target of 70 LPCD, optimal water use assumptions have 
been made for household water related tasks based on best performing 
water fixtures and appliances. Sustainable water use is based on Time-of-
Use and Choice-of-Use prescriptions. Time-of-Use resource exposure 
prescribes the appropriate volume of water utilized for adequate tasks. 
Choice-of-Use exposure focuses upon educating the appropriate types of 
water use for specific tasks. 
 
Guidance for optimal resource use will be provided to inhabitants and 
monitoring mechanisms will provide greater exposure to water use. A 
matrix is provided to identify the optimal amount of water required to 
fulfill inhabitation demands. NZW will utilize cost savings and economic 
value gained through water conservation as a means to encourage 
sustainable water use.  
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1.4 Net Positive Water Guidelines & Standards   
 
Net Positive Water (NPW) is the generation of positive water quality to 
combat the urban water problem. NPW Guidelines and Standards utilize 
inhabitant water consumption to induce an integrated cycle of water 
harvesting, storage, and the renewal of water quality for cyclic reuse. The 
NPW cycle manages water under 4 categories of quality; Greenwater, 
Bluewater, Greywater, and Blackwater under Clean and Dirty, On-site 
and Building management. Greenwater and Bluewater are subject to 
NPW Clean Water Standards, while Greywater and Blackwater are 
subject to Dirty Water Standards. 
 
NPW On-site Prerequisites are based on an Environmental 
Assessment to determine the required initiatives to reintroduce the urban 
water cycle on a project site. NPW projects must respond to Brownfield 
contamination, water table levels, groundwater hydrology, and floodplain 
avoidance. NPW projects must manage 100-year precipitation events. 
 
Clean On-site Water Guidelines establishes sustainable site conditions 
such as Landscape Areas, Vegetation Areas, Water features and 
pedestrian pathways. The prescribed areas will function as the Passive 
component of sustainable water harvesting and water storage to provide 
sustainable water resources for NZW inhabitant use.  
 
Clean On-site Water Standards require site conditions to be capable to 
Passively harvest and store Clean water resources. The volume of 
landscape and soil content is dictated by water harvesting requirements 
to sustain annual NZW inhabitant demand. Passive storage devices must 
preserve the Clean water quality of all stored water resources.  
 
Dirty On-site Water Guidelines are prescribed for urban streetscapes 
including roadways, at-grade parking and pedestrian pathways. Dirty site 
areas will isolate debris and divert on-site water content for water 
harvesting. Native and resilient plant species will be utilized to filter 
urban debris from on-site water. Site servicing will remove urban 
contaminants for sustainable waste management.  
 
Dirty On-site Water Standards requires Greywater and Blackwater 
quality to be directed into NPW treatment processes to remove 
contaminants and waterborne debris from on-site water resources. 
Resilient ground substrates and soil content will be utilized as a Passive 
harvesting and storage mechanism for on-site Dirty water. The volume 
of landscape and soil content is dictated by water harvesting demands to 
sustain annual NZW inhabitant demand. 
 
Figure 1.05 
Net Positive Water Icon 
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NPW Building Prerequisites requires domestic typology to harvest 
sufficient Greenwater resources to provide for NZW sustainable use. 
Building materials must be non-toxic, and must not off-gas, release 
leachate, or decay to the detriment of harvested water quality. NPW 
Buildings must maintain continual water harvesting, storage, and renewal 
in the NPW cycle. Building scale and inhabitant density will be 
determined based on the regional availability of water resources.   
 
Clean Building Water Guidelines prescribe Clean On-site Water 
Guidelines on building rooftops, podiums, amenity areas, open 
circulation pathways, unit terraces and balconies. Drainage design for 
water harvesting is separated into Exterior and Interior categories. 
Interior water storage mechanisms will provide for NZW inhabitant 
demand and the NPW cycle will maintain harvested water quality. 
LEEDTM Green Housekeeping Guidelines will be utilized with 
environmentally safe cleaning solutions. 
 
Clean Building Water Standards establishes minimum permeable 
coverage areas for NPW domestic typology on the rooftop, building 
envelope, circulation spaces open to the environment, and the building 
podium. Exterior drainage on canopies and building surfaces will be 
designed to drain towards permeable harvesting areas. Interior drainage 
must be protected preserve water quality as harvested water is directed to 
storage mechanisms. Active water storage will not allow water quality to 
decay. NPW Buildings must provide Potable and Non-Potable water for 
NZW inhabitant use.  
 
Dirty Building Water Guidelines establishes Exterior water drainage 
from Dirty On-site management to convey Dirty site water into water 
treatment systems. Interior drains dedicated for harvested water will be 
designed to reduce the volatility of flow as the medium travels to 
treatment and storage mechanisms. Dedicated drains will be provided 
for post-consumed Greywater and Blackwater, isolating each quality of 
inhabitant contribution to be directed to water treatment systems.    
 
Dirty Building Water Standards require all 4-categories of water 
quality to be drained into water treatment processes. The NPW 
treatment processes must remove 100% of inhabitant waste from 
Blackwater quality resources. Active NPW Treatment must remove 
100% of waterborne chemicals and debris from Greywater quality 
resources. Treated Greenwater and Bluewater water must be inspected 
by qualified water inspection staff to adhere to local health regulations 
and standards. Water will be restored up to and beyond tertiary quality 
for water reuse in the NPW cycle.      
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1.5 NPW Pilot Project 
 
The application of Net Positive Water Guidelines and Standards will be 
applied to a pilot project to verify the sustainable water methodology. 
Building design will explore the effective capability of residential 
typology to combat the urban water problem. The application of 
environmental constraints and a strategy to manage available water 
resources will test the capability for residential architecture to generate 
Positive water quality. The pilot project will achieve Positive water 
quality by deploying sustainable water harvesting to establish sustainable 
water resources for Net Zero Water inhabitant use. The application of 
the pilot project is divided into two parts:  
 
Part One will explore the impact of residential density to establish 
sustainable water. The outcome of the exploration is the selection of a 
sustainable building form to be utilized to combat the urban water 
problem. This thesis selects Mid-rise building typology as the alternative 
form of residential construction to generate Net Positive water.  
 
Part Two will deploy the selected form of urban residential 
intensification following Net Positive Water and Net Zero Water 
Guidelines and Standards. This thesis will situate the pilot project in the 
Lower Don Lands Development, City of Toronto. The Lower Don 
Lands is a waterfront revitalization project that is planned as an urban 
revitalization effort to re-naturalize urban water processes.   
 
The conclusion of the pilot project will outline the performance of the 
domestic building strategy. A matrix identifies the process of establishing 
greater Passive building performance to generate Net Positive Water 
quality.  
 
1.5.1 Residential Density for Sustainable Water 
 
The inhabitant density of a residential project is a significant component 
of a projects water use profile. Residential density has a linear 
relationship to the volume of water resources required by inhabitants. In 
conditions where too much density is situated in a fixed urban area, the 
volume of inhabitant water demand cannot be supported by the water 
provisions that are sustainably harvested on the project site. Residential 
density in an urban project can result in sustainable or non-sustainable 
water use.  
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Residential density also affects the scale and size of the building form. 
Urban construction has an environmental impact on the urban water 
cycle and the urban water problem. Eligible pilot project building forms 
will be required to accommodate residential density in conjunction to 
mitigating the environmental conditions that have lead to the urban 
water problem.  
 
Dockside Green Development and the Millennium Water Olympic 
Village were constructed utilizing mid-rise, medium density construction 
to achieve sustainable water. Mid-rise has been utilized as a higher 
density building type to develop sustainable resource use for LEEDTM 
certification. Mid-rise construction has also been recognized by the 
Living Building Challenge as an alternative to satisfy residential 
intensification with high levels of Passive Sustainability.  
 
This thesis selects Mid-rise Multi-Unit Residential Building (MURB) as 
an alternative building form to develop a multi-faceted engagement of 
sustainable water. The mid-rise pilot project will negotiate the impact of 
residential density for sustainable water following the examples of Green 
Building construction.  
 
1.5.2 Mid-Rise Pilot Project in the Lower Don Lands  
 
Site selection for the NPW pilot project will be situated in Toronto’s 
Lower Don lands to harness the interest placed upon the waterfront 
development to initiate water renewal and environmental restoration. 
Sustainable waterfront inhabitation will depend on domestic architecture 
to mitigate the harmful outcome of urban water demand. The NPW 
pilot project establishes water independence and water renewal to sustain 
waterfront inhabitation.  
 
A Lower Don Lands Environmental Assessment has provided the 
parameters to establish building and landscape integration. NPW design 
will be subject to municipal weather data documenting environmental 
extremes gathered over the past 30 years. The post-industrial Brownfield 
environment requires contaminant soil remediation, a process provided 
by a pilot soil recycling facility operated by Waterfront Toronto. Land 
reclamations to establish the LDL wetlands will remove the site from 
Floodplain conditions. The site is subject to a high water table whereby 
NPW construction is not required to convey precipitation into the 
ground. All On-site conditions adhere to NPW On-site prerequisites.     
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Building program and building form is designed to emphasize the 
Passive Survivability of mid-rise typology. 4-single loaded residential 
towers with heights of 7-5 storey are situated above a 2-storey building 
podium. Circulation space is open to the environment and canopied for 
weather protection. The podium structure establishes an exterior 
streetscape condition with retail and residential foyers, lobbies, and water 
features. A centralized landscape podium traverses 3-storey’s with a 
pavilion, outdoor amenity space, and a meandering naturalized waterway 
that ends in a reflecting pond. Building utilities are situated below grade, 
containing Active water treatment, Active water storage and waste 
management.  
 
Passive water banking utilizes Building and On-site landscape Silt-
loam soil content under Clean and Dirty management categories to 
function as a water storage medium. Exterior water drainage directs 
precipitation from impervious building surfaces into passive water 
storage devices. Green roof systems, landscape planters and surfaces, 
canopies protecting building circulation and building facades store and 
drain water resources while maintaining Clean water quality. Bioswales 
and infiltration galleys utilize substrate materials and resilient plant 
species to trap urban debris in Dirty water management. Interior water 
drainage receives water resources from the building exterior to direct the 
medium into NPW Active systems.  
 
Active water banking utilizes building systems developed for thermal 
conditioning in the form of capillary radiant heating and a subterranean 
borehole network. The two systems utilize water as a thermal transient, 
whereby water is heated from roof mounted solar array, stored in the 
ground to retain heated energy, and distributed to residential units to 
fulfill thermal conditioning demands. 
 
Active water treatment utilizes advanced systems whereby harvested 
water content is subject to; biological waste treatment, sediment filtration 
through an Ultrafiltration process, and waterborne bacteria is destroyed 
through innovative Ultraviolet technology. Water treatment is optimized 
to treat water under Clean and Dirty quality Management. Harvested 
water from Clean On-site Management is only subject to Ultraviolet 
treatment such that the medium is safe for Active and Passive water 
banking and NZW inhabitant use. Harvested water from Dirty On-site 
Management and post-consumed NZW Greywater/Blackwater is subject 
to Ultrafiltration and Ultraviolet treatment to renew water resources and 
remove waste contaminants/debris. Water treatment produces potable 
and non-potable water for NZW inhabitant use.  
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The NPW pilot project will establish sustainable water for domestic 
inhabitation by constructing NPW households based on Potable and 
Non-Potable water provisions. Household design will provide Potable 
water in two locations; the Kitchen for food preparation and the 
Lavatory for sanitation. Monitoring and metering displays will be 
deployed at each faucet and tap to expose water use. Kitchen sinks, 
lavatory basins, and additional water hardware will be deployed to expose 
water under Time-of-Use and Choice-of-Use awareness. 
 
Non-Potable water will be supplied in household Kitchens, Lavatory’s, 
and Bathrooms to fulfill non-potable sanitation, waste conveyance, and 
Green housekeeping. Greywater guides will be integrated into water 
monitoring devices to address the appropriate use of non-potable water. 
Greywater filtration devices will be deployed at each water drain to 
isolate household debris for waste disposal and to separate contaminants 
from the water medium. Bathrooms and shower stalls will be thermally 
insulated to prevent unnecessary use of hot water. Bathrooms will utilize 
dehumidifiers to recover moisture from thermally conditioned air in 
addition to drainage systems integrated into heat recovery ventilators.  
 
1.5.3 Conclusion of the Mid-rise pilot project 
 
A Net Positive Water matrix explains the application of Passive and 
Active water storage in the pilot project building performance. The 
matrix identifies the relationship between water Quality and Quantity 
management, whereby greater calculated Passive building performances 
equates to a greater capacity for the NPW building cycle to combat the 
urban water problem. The larger the quantity of Passive water 
mechanisms deployed throughout an NPW project, the greater the 
capacity to generate Net Positive Water. Key calculations and figures 
have also been presented.  
 
1.6 Net Positive Water to combat the Urban Water Problem  
 
Positive Water quality generated by Net Positive Water domestic 
building typology will combat the urban water problem. Positive water is 
generated from sustainable water harvesting, domestic water 
conservation through Net Zero Water and water renewal. Passive and 
Active water mechanisms enabling NPW projects to sustainably manage 
the environmental impact of residential construction. NPW building 
typology will continuously harvest water resources and release positive 
quality water as a result of a NPW building cycle. 
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Implications and recommendations will be established after an 
evaluation of existing and potential barriers for Net Positive Water. 
Exploring the feasibility of the sustainable water strategy identifies 
economic factors to subsidize increasing domestic building costs. 
Alternative Passive and Active strategies with higher density building 
forms should be encouraged to yield improvements in Net Positive 
water generation. 
 
The thesis will conclude by defining the relationship between the Passive 
and Active strategy for Net Positive Water. The greater the Passive 
capability of a Net Positive Water project to store water resources, the 
less demand is placed on Active mechanisms to achieve water storage. 
The relationship between Passive and Active water mechanisms are 
interdependent to support Net Zero Water. Passive performance 
conditions will encourage the establishment of Net Positive Water 
capabilities where additional urban water resources can be renewed.  
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Endnotes:
                                                            
1 Hawken, Paul. 2007. Blessed Unrest, How the Largest Movement in the World Came into Being and Why No One Saw 
It Coming. Pg.13 
2 Waterfront Toronto has prescribed a minimum level of Sustainable Building performance for all Waterfront projects 
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Chapter TWO: Urban Water Problem 
 
In the award winning film documentary entitled: “Blue Gold: World 
Water Wars” 2008; Tony Clarke outlines the current plight of global 
water issues by defining the limited and declining quantity of available 
fresh water resources.  
 
‘If we massively remove water out of an area, the ecosystem is disrupted, the natural 
habitat damaged, biodiversity reduced, and aquifers dried.’  
 
The remark outlines the environmental decline that has occurred as a 
result of urban intensification and water overconsumption.  
 
Canada’s water use within Cities is no longer sustainable under current 
economic and environmental conditions. Canada’s aging water 
infrastructure is unable to support the increasing demands of urban 
inhabitants. Cities are relying on an aged and decaying water 
infrastructure that is unintentionally destroying the environmental 
conditions that make water resources renewable. Urban inhabitants are 
squandering their fresh water resources through poor water practices and 
what can best be described as a ‘lack of awareness’ of the developing 
water problem. The affects of water overconsumption is the removal of 
fresh water content from local waterways and volatility in the regional 
water cycle.  
 
The lack of awareness and the belief of water abundance are all social 
traits that reflect an urban population that is oblivious about the current 
state of urban water. One of the leading reasons why Canadians are 
unaware of the current state is due to the fact that the problem is not 
visible in the urban realm. City infrastructure and building development 
are distributed over tremendous areas of land, making it difficult to 
pinpoint a specific component of the degrading water profile. The 
breakdown of aging water infrastructure is hidden beneath urban 
streetscapes, and the loss of groundwater flow resulting in the disruption 
of the natural water cycle is also invisible.  
 
The need for water conservation and sustainable water use is a relatively 
new phenomenon in Canada that has developed over the past 25-years1.  
The growing interest in the health of urban waters is still in its infancy 
while the many years of poor water practices continue to degrade urban 
water resources. Unlike less fortunate regions of the world, the issue of 
Canada’s urban water problem is not that our Cities are running out of 
potable water resources. The urban water issue is a component of the 
non-sustainable Canadian lifestyle combined with pressures on aging 
water infrastructure that is leading to the decay of urban water quality.  
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Past generations of urban inhabitants were not informed about the 
impact of domestic water conservation on the environment. As a result 
of the lack of awareness, the tendencies that have led to urban water 
waste have gone largely unchecked. Many urban households are 
oblivious to the decline of urban water because they live in an 
established environment that provides the resource for very little value2. 
The practice of saving water has not had as much significance in the 
domestic household when compared to the need to conserve expensive 
energy and electricity3. The federal government's Green Plan prescribes 
that the key to increasing domestic engagement for water conservation is 
to increase the value of urban water resources so that inhabitants pay the 
fair market cost for the amount of water they use.  
 
 
 
 
 
 
 
 
2.1 Canada’s Water Use 
 
Canada’s population is fortunate to live amongst a wealth of natural 
resources and a landscape of environmental abundance. Canada borders 
upwards of 1/5th of the worlds surface fresh water in the form of The 
Great Lakes Basin. The Great Lakes are a component of the image that 
Canada projects as a nation with plentiful clean water resources4. The 
social awareness for Canada’s water profile is one of endless water flow, 
replenished and renewed by the wealth of the environment that we 
inhabit.  
 
 
 
 
 
 
Figure 2.01 
There are very limited regions of 
the world which provide 
inhabitants with fresh potable 
resources direct from regional 
water bodies.  
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Over the past 100-years, Canada’s population has intensified in 
waterfront Cities following an international trend that has its origins in 
maritime commerce and globalization5. City infrastructure was developed 
to accommodate for urban growth through the construction of resource 
networks to provide water and electricity over the greater span of a City 
area. The result of this utility infrastructure was the provisioning of 
clean, potable water resources to each and every City household.  
 
The bulk of water infrastructure development occurred towards the 
beginning of the 20th century. What was then a state-of-the-art water 
management system was designed as a simple operation because water 
treatment technologies were either non-existent or still in their infancy6. 
Wastewater treatment was not deemed necessary as there was no sense 
that Cities would run out of fresh water. Authorities were also not aware 
that the dilution of freshwater resources by dumping waste back into 
regional water bodies would eventually lead to non-potable water quality. 
The water utility functioned by simple means to deliver potable water to 
where it was needed, transporting wastewater out of the City so that the 
contents would not disrupt the health and safety of City inhabitants7.  
 
Water provisions improved the health and safety of urban inhabitants 
and it established an environment that allowed Cities to thrive. As the 
urban Canadian City developed and grew over time, water networks 
continued to expand in size and complexity, maintaining the constant 
availability of fresh water resources that has become a fundamental 
requirement for Canadian living. Potable water is connected to every City 
building, and the resource is immediately available with the simple turn 
of a tap.      
 
As Cities grew and the size of water infrastructure expanded, the cost of 
water provisioning was kept low because the volume of urban waste 
output did not sufficiently impact the quality of the water that was used. 
The basic provisioning of water without the need for extensive treatment 
processes was relatively inexpensive. The urban ecosystem was capable 
of supporting urban water demands, and this reduced the amount of 
development that was required to ensure the quality of water resources.  
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Canada maintains one of the lowest economic rates for water 
distribution in the world. The prices are so low that a significant number 
of existing urban housing stock does not have water meters to measure 
inhabitant consumption. These homes are charged a flat-rate water cost 
that is the most common pricing structure for water utilities in Canada.8 
The flat-rate pricing structure has been preferred because it is perceived 
as a simpler operation for both the customer and municipal 
administrators. This system allows the inhabitant to pay the same rate no 
matter how much water is consumed. The combination of a cheap, flat-
rate water provisioning and the perception of plentiful water resources 
have established an atmosphere where water is not valued as much as it 
is in other regions of the world.   
 
2.1.1 Development of Urban Water issues in Canada 
 
Between the years 1994 to 1999, 1-in-4 Canadian municipalities 
experienced issues with water. Water shortages were reported due to 
insufficient provisioning of water resources as a result of degrading 
watermain infrastructure. Interruptions in water provisioning were 
caused by drought in the ecosystem during dry seasonal conditions 
where natural freshwater resources were sparse. In 2001, The Federal 
Commissioner of The Environment and Sustainable Development 
declared that heavy water use had severely stressed the ecological regions 
of Southern Canada. The stress was associated with the intensification of 
urban development followed by an increase of water demand that 
resulted in the degrading environmental conditions. 
 
Figure 2.02 
 
Canadians pay substantially less for
water delivery when compared to
other nations. The figures above do
not account for the cost of water
treatment. 
Environment Canada.  
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The environmental impact of water use has become the focus of 
urbanized Canadian Cities as they study the resource use tendencies of 
their inhabitants. Municipal reports have identified that Canadians are 
abusing their resources and water is one of the resource streams that has 
performed the poorest. The reports conclude that urban inhabitation is 
causing the fall of regional water tables, degrading water quality in urban 
water bodies, and the disruption of the natural water cycle. The 
combination of these issues has slowly developed into a water problem 
that is not only getting worse, but it has clearly defined the use of water 
in Southern Canada as a non-sustainable and environmentally damaging 
practice.  
 
 
 
 
 
 
 
 
 
2.1.2 Water Use impact on the Urban Environment 
 
The environment replenishes water resources as the medium travels 
through the natural water cycle. Water falls to the ground as precipitation 
or snow, infiltrating the surface of the land and percolating through the 
soil as groundwater. Groundwater flows naturally towards regional water 
bodies where the surface waters on rivers and lakes evaporate and return 
into the atmosphere. Water resources are replenished in quality and 
quantity as a result of groundwater flow9.  
 
The ecosystem utilizes the cyclic water process to establish habitats 
capable of supporting inhabitants. With over half of the world’s 
population located in coastal waterfront habitats, dense urban 
inhabitation adds great difficulty to nature’s water replenishing processes. 
Freshwater is removed from the ecosystem and is replaced by post 
consumed wastewater, while groundwater flow is disrupted as a result of 
the urban realm.   
Figure 2.03 
Urbanized areas disrupt the water
cycle by hindering ground
infiltration. The result is a lower
water table, less ground water
flow, and results in volatile
waterway conditions. 
Auckland, New Zealand. 2007. 
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Canadian Cities have been constructed as a greater 
impervious area to support commerce, transportation, 
and to shade and protect its inhabitants. Urban 
buildings have been designed to direct precipitation 
off of the structure as a fundamental composition of 
the building envelope. Impervious building surfaces 
and the continuous use of surface materials that do 
not allow rainfall to infiltration into the ground cause a 
disruption in the natural flow of water. This results in 
stormwater runoff from urban buildings that outflow 
tremendous volumes of water into City water 
infrastructure.  
 
Cities have been designed to flow precipitation out of 
the urban realm so that streetscapes are not flooded by 
stormwater. City water infrastructure collects 
precipitation from buildings and streetscapes and 
diverts the medium into its subterranean water 
infrastructure, carrying the stormwater directly into 
regional rivers and water bodies. The rate and quantity 
of the stormwater outflow can be tremendous, and the 
volatility of the outflow during storm events can 
overwhelm the natural absorption capabilities of the 
regional ecosystem. Precipitation runoff that is not 
captured by City stormwater infrastructure carries 
urban debris across the greater impervious area, 
dumping urban pollutants into surface freshwater 
bodies. 
 
One example of Canada’s urban water problem is the 
Don River Watershed, the most urbanized waterway in 
all of Canada supporting almost 2.7 million inhabitants 
in the City of Toronto. In 2007, Environment Canada 
documented a water quality rating of 34.8 out of 100 
for the Don River. It is the lowest rated health 
evaluation of all the rivers in Canada. The urbanized 
water cycle of the Don Watershed does not have the 
capacity to absorb the vast quantity of dirty urban 
water that is dumped into the environment by the 
City. The waterborne debris that is flushed out into 
the Watershed is one of the reasons why urbanized 
rivers like the Don are in a state of severe 
environmental decay.  
 
Figure 2.04 
Groundwater is an essential source of fresh water 
containment. Urban areas have reduced their groundwater 
content in place of urban infrastructure and the built 
environment. 
World Health Organization.   
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The Don River Watershed is a prime example of the urban water 
problem, displaying the environment’s inability to support urban water 
mismanagement. The environmental consequences of disrupting the 
natural water cycle and groundwater percolation from the urban City 
area has resulted in lands to dry up, the loss of surface water in river 
estuaries, and the death of native plant species10. The developing 
environmental issues explain why a nation with plentiful water resources 
has developing issue of urban water scarcity and ecological stress.  
 
"More than one-half of the world’s major rivers are being seriously depleted and 
polluted, degrading and poisoning the surrounding ecosystems, thus threatening the 
health and livelihood of people who depend upon them for irrigation, drinking and 
industrial water." World Commission on Water for the 21st century.  
 
2.1.3 Economic impact of Degrading Urban Water  
 
The City of Toronto will be used as an example to demonstrate the 
economic impact of the urban water problem in Canada. The current 
state of water in Toronto is in decline. Up to 77% of the City’s water 
infrastructure is functioning past the expiration of the system’s service 
life. A reported 1,500 watermain failures are recorded each year, costing 
the City an estimated $87 million dollars to renew the aging watermain 
utilities11.  
 
Toronto’s water infrastructure and its wastewater management practices 
are severely outdated. The aging utility was mapped in a fashion where 
portions of the regional river system were utilized to absorb peak water 
flow during major storm events. Water infrastructure was designed with 
no separation of stormwater and sewage drainage, resulting in untreated 
wastewater dumping into regional waterways when the utility was over 
capacity12.  In 2004, untreated sewage discharge from the City of 
Toronto by-passed wastewater treatment plants dumping upwards of 
907 million litres of wastewater into Lake Ontario. 
 
The cost to repair and improve Toronto's water infrastructure is 
estimated at 30-40 billion dollars over the next 15 years13. The 
investment is intended to eliminate the conditions that contaminate 
regional river systems. Municipal authorities have established the 
grounds to eliminate all Combined Sewage Outflow (CSO) from 
Toronto’s wastewater system and to renew watermain freshwater 
infrastructure to a state of good repair.  
 
 
 
Although government authorities have developed stimulus funding to
contribute to the cost of water infrastructure repair, the bulk of the
economic burden will be absorbed by the City’s inhabitants. The average
water bill for a metered household in Toronto cost $567 dollars in 2009, 
increasing to an average of $618 in 2010. Water rates have increased 510% 
each year for the past 6-years (2006-12). Effective of January 1st, 2012, the 
Toronto City Council approved an additional 9% general water rate
increase for all water consumers. The traditional economic value of urban
water resources is changing to meet the developing needs of population
intensification and urban growth.  
The increasing cost of Toronto’s water is not only the product of 
necessary infrastructure redevelopment, it is a result of the change in
pricing structure from a flat-rate water utility to a metered system that 
more accurately bills the financial cost of inhabitant consumption. The
outdated simplified water utility is changing to encourage more responsible
water use.  
Canadian municipalities have also recognized the state of ecological decline
of watershed areas as a result of poor urban water practices and the
increasing volume of water demand as a result of urban intensification. 
Initiatives to regenerate degrading ecosystems like Don River Watershed
Regeneration Plan require substantial economic contributions14. The 
economic demands to remediate the degrading quality and quantity of
urban waters are extremely high. These factors are compounded by the
added stresses to accommodate future urban development.  
Provincial and Federal authorities prescribe Toronto as one of the nation’s
major regions for residential intensification. Toronto’s urban growth is 
approaching the leaders of other developing urban centers such as Calgary
- Alberta, and Dallas -Texas.15 The Greater Toronto Area (GTA) is one of 
North America’s largest metropolitan regions with a size and population
that is comparable to cities such as New York, Chicago, and Los Angeles. 
The City of Toronto 2010 Official Plan projects a population increase of
approximately 537,000 inhabitants and an additional 544,000 employment
opportunities by the year 2031.    
The resulting atmosphere of water stress brings to emphasis Canada’s 
urban water problem. Canadian Cities such as Toronto will be placed
under substantial economic strain to achieve environmental regeneration,
water renewal, and infrastructure redevelopment while accommodating
urban growth. In light of increasing strain in water infrastructure to
support Canada’s burgeoning urban population, establishing a profile of
Canada’s domestic water use will identify the state of urban waters.  
22 
 23 
 
How much water are Canadians using? 
 
Recognizing the issues of the urban water problem in this thesis, the 
definition of water conservation and sustainable water use must be 
understood to clarify the extent of overconsumption that occurs in 
Urban Canadian cities. The questions that must be asked are: How much 
water are Canadians using? and How much water should be used? 
 
To provide context to measure Canadian water consumption, inhabitants 
in Europe use upwards of 200 Litres per capita per day (LPCD)16. Our 
neighbours to the South, The United States, consume twice the 
European amount at a daily sum of 400 LPCD. Americans consume the 
highest volume of potable water per day in the world. Comparing North 
America and European nations that have a wealth of water resources, the 
World Water Council has documented that 1 in 6 persons worldwide 
have no access to safe water at all. Unfortunately, Canada’s water 
consumption is also recorded as one of the highest per capita water users 
in the world, second only to the United States. Canadian inhabitants 
consume an average upwards of 248 LPCD as of 2010. 
  
How much water should be used? 
 
The World Water Council in conjunction with the United Nations 
Development Program has designated a minimum amount of 20 LPCD 
of potable water is required to maintain the adequate health of each 
person under initiatives to enforce social equity and fundamental water 
rights. Clean water is required to fulfill the demands for human 
sanitation, to combat illnesses, and to prevent the spread of disease. The 
minimum sum of clean water required to do those tasks is assessed at 
approximately 50 LPCD. An acceptable tolerance to prescribe a realm of 
comfort is assessed at 60-80 LPCD, and this range of water consumption 
is internationally accepted as a sustainable volume of water use.   
 
At current levels of water demand, Canadians are using more water than 
what is available each day to more than 1 billion people across the world. 
At the recorded levels of 248 LPCD, Canadians are using 3-4 times the 
volume prescribed for comfortable water consumption. 248 LPCD is a 
national water consumption average that unintentionally hides the true 
volume of urban Canadian water consumption. Out of the 5 largest 
Cities in Canada, Vancouver records a per capita water use at 320 LPD, 
Calgary at 451 LPCD, 272 LPCD in Ottawa, 253 LPCD in Toronto, and 
460 LPCD in Montreal.  
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The documented water figures highlight the sheer volume of 
overconsumption that occurs in urban Canadian Cities when compared 
to global counterparts. The heavily undervalued resource has socially 
transformed from a fundamental necessity of life, to a commodity that 
can be wasted, used, and misused as long as inhabitants can afford to do 
so. In the advent of changing municipal policies, needed water 
infrastructure upgrades, and the declining environment of urban 
Canadian Cities, the hidden economic value of water resources is 
beginning to materialize.  
 
2.2 Domestic consumption and the urban water problem  
 
It is the intention of this thesis to focus on the design of residential 
architecture as a viable means to encourage water conservation. 
Residential architecture can encourage water conservation by exposing 
the value of the resource thereby establishing sustainable water demand. 
The net result should transform the Canadian ‘lifestyle’ to provide 
greater awareness and knowledge of the inhabitant water profile. 
 
Residential water demand accounts to over 50 percent of the Canada’s 
water use profile17. Domestic water consumption is the largest segment 
of water demand in Canada and that makes it one of the most vital 
contributors to the existing profile of overconsumption. The ‘lack of 
awareness’, ‘lack of water knowledge/education’ has become rooted in 
the domestic lifestyle of urban Canadians and it highlights the high 
volume of water engagement that occurs in residential building typology. 
The use of household water affects other resource segments as well, with 
over 30 percent of a City’s municipal energy profile dedicated to meeting 
the demands of domestic hot water heating.  
 
Residential architecture can take a proactive role to influence the 
Canadian lifestyle and improve domestic water practices. Domestic 
buildings in Canada have been readily designed to engage inhabitants for 
water conservation and water use reduction. The reason why the volume 
of domestic water consumption is so high is attributed to the lack of 
building engagement in water efficient household fixtures and plumbing 
requirements. Outdated water hardware simplifies inhabitant controls 
and there is no indication as to how much water is being wasted.  
 
Household plumbing feeds potable water at a high rate of flow providing 
inhabitants with large sums of water within a short period of time. 
Wastewater drainage is designed so that water does not overflow and 
flood the home. Drainage systems allow large volumes of water to flow 
out of the home at extremely fast speeds.  
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Design trends have influenced more opulent bathroom and kitchens and 
the diversified application of potable water use has only made the 
domestic water profile worse18. Domestic emphasis on kitchen and 
bathroom design has increased the number of opportunities to access 
water. The ease of water use and the increasing number of fixtures are 
the root of the water problem in dwellings.  
 
The economic cost of water use under existing pricing policies 
establishes a post payment process where inhabitants are made aware of 
the cost of water, but the billing process does not elaborate and how the 
level of water demand has accumulated19. Canada is one of the few 
nations in the world that provides potable water all forms of domestic 
use. Inhabitants use potable water for non-potable tasks such as 
landscape irrigation, car washes, and waste conveyance in toilets. The 
educational gap between water use and water value is very large and this 
gap is evident in domestic water misuse. 
 
The World Water Council in conjunction with The United Nations 
Development Program has developed initiatives to curb the growing 
threat of diminishing fresh water resources. Governing organizations and 
their regional affiliates have established guidelines to preserve and 
manage the worlds freshwater. Canadian municipalities have highlighted 
the need for less residential landscape irrigation, conservation guidelines 
for hot water use, and initiatives to bring greater awareness and improve 
inhabitant water use within the household. These initiatives show that 
the key to address the urban water problem is to shape the conservation 
ethics and the water habits of urban inhabitants.  
 
 
Figure 2.05 
An example of sustainable urban
water cycle where natural
features are restored for the
purposes of groundwater renewal
as well as stability amongst urban
waterways. 
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Endnotes:
                                                            
1 Environment Canada has emphasized water conservation over the past 25-years. http://www.ec.gc.ca/eau-
water/default.asp?lang=En&n=F25C70EC-1 
2 Refer to Figure 2.02 
3 The cost of water in the City of Toronto is approximately 22 percent of the cost of electricity. 2012. 
4 Municipal authorities and conservation organizations have established the need to maintain clean water conditions. 
http://www.swcs.org/en/publications/great_lakes_clean_water/ 
5 The year 2009 marked the first time in human history that has documented a greater sum of population inhabiting 
urban areas over rural lands. 
http://www.un.org/esa/population/publications/PopDistribUrbanization/PopulationDistributionUrbanization.pdf 
6 Average age of Toronto’s watermain network is 55 years old, with 17% over 80 years, and 6.5 % over 100-years. 
http://www.toronto.ca/water/supply/system/watermains.htm 
7 Early water infrastructure disposed of human waste by directing the material towards rivers in the outlying areas of the 
city, where the city itself was not affected. http://www.toronto.ca/water/sewers/about.htm 
8 56% of Canada receives a flat rate water bill no matter how much water is used. http://www.ec.gc.ca/eau-
water/default.asp?lang=En&n=23CA8A0D-1 
9 The nation’s land mass contains approximately 9 percent of the world’s renewable water supply, the bulk of which is in 
the form of groundwater. 
10 Toronto hydrology issues result in drying urban lands and volatile environmental conditions in urban rivers and 
estuaries. http://trca.on.ca/the-living-city/water-flood-management/ 
11 North American Cities have a history of poor water conservation with the highest recorded water loss reaching 
upwards of 50 percent  
12 City of Toronto Wet Weather Flow Management Program documented 79 combined sewage outflow outfall events 
from 2003 to 2006. 33 of these events were direct outflows into Lake Ontario 
13 Water utility costs and investment requirements to restore the infrastructure to a state of good repair. 
http://www.moi.gov.on.ca/en/infrastructure/building_together/introduction.asp 
14 The first five priorities of the Taylor Massey Project, a component of the Don River Watershed regeneration plan, had 
an initial cost of $4.7 million dollars. This is one of the many areas along the Don Watershed that require environmental 
regeneration  
15 The Toronto 2031 Official Plan has projected urban growth rates based on immigration and economic strength 
documented from Statistics Canada Census 2006 
16 United Nations Environment Programme documented Fresh water demand and Wastewater characteristics. 
http://www.unep.or.jp/Ietc/Publications/TechPublications/TechPub-15/3-6EuropeWest/6-1.asp  
17 CMHC water conservation study. http://www.cmhc-schl.gc.ca/publications/en/rh-pr/tech/97111.htm 
18 The popularization of rain shower showerheads and faucets to integrate urban living with high luxury conditions 
results in increased water use and water waste.   
19 The Toronto Hydro water utility process charges each residential household under a 2-month cycle. The length of time 
between inhabitant use and the subsequent charge to use the water varies, and it is difficult to establish a connection 
between the level of use, and the cost of use. 
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Chapter THREE: Water performance in Green Building 
Guidelines 
 
LEEDTM and The Living Building Challenge are recognized guidelines 
prescribing building standards to develop sustainability in residential 
architecture. Sustainable water use in domestic building typology will be 
prescribed through a detailed analysis of their water performance 
standards. This chapter will identify the impact of sustainable water 
initiatives in LEEDTM and the Living Building Challenge to combat the 
urban water crisis.   
 
The Green Building guidelines will be assessed for their prescription of 
project performance to establish water efficiency, combat against water 
misuse, and to achieve resource conservation to avoid overconsumption. 
They must establish sufficient performance standards for the building 
and the site to manage stormwater conditions to reduce urban runoff. 
Environmental parameters will be based on values prescribed by the City 
of Toronto, Waterfront Toronto; following Canada’s prescription for 
urban intensification in growing metropolitan Cities1.   
 
Criticism of Green Building performance is intended to highlight issues 
with guideline engagement that may hinder water performance. 
Suggestions will be made to improve sustainable water engagement 
beyond LEEDTM and The Living Building Challenge.  
 
3.1 LEEDTM  
 
LEEDTM (Leadership in Energy and Environmental Design) is a 
voluntary certification process guiding development projects to achieve 
recognized levels of sustainable building performance. LEEDTM is based 
on evaluating the nominal, quantifiable values of building performance 
derived from a stringent assessment and analysis platform. The focus is 
to address impact on the environment as a result of construction and 
inhabitation through informative design, operation, and maintenance of 
sustainable architecture. LEEDTM for New Construction and Major 
Renovation was first developed for Commercial building applications. 
LEEDTM Mid-rise pilot program was developed to address residential 
water use. LEEDTM recognizes performance in seven key segments: 
 
Sustainable Site Development 
Water Efficiency 
Energy efficiency 
Material selection 
Indoor environmental quality 
Innovation in Design (bonus) 
Regional Priority (bonus) 
Figure 3.01 
Canadian Green Building Standards
The icon signifies LEEDTM Green
Building Guidelines and
Certification 
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The first two performance segments are vital to developing sustainable 
water in building management. Sustainable Site Development 
addresses the buildings ability to negotiate environmental site conditions. 
Water Efficiency addresses ways to reduce inhabitant water demand to 
curb water misuse and overconsumption.  
 
Sustainable engagement is measured by allocating points amongst an 
additive credit system. When a prescribed level of points is achieved, 
then the building receives Green Building certification based on the 
number of credits. 
 
Certified 40 – 49 points 
Silver 50 – 59 points 
Gold 60 – 79 points 
Platinum 80 points and above 
 
Residential building typology must achieve an immediate, 15 LEEDTM 
credits2 that prescribe dedicated performance standards for Sustainable 
Sites and Water Efficiency (Table 3.0.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LEED for New Construction and Major Renovation
Yes ? No
Sustainable Sites 24 Points
Y Prereq 1 Construction Activity Pollution Prevention Required
Y Prereq 2 Environmental Site Assessment Required
Credit 1 Site Selection 1
Credit 2 Development Density & Community Connectivity 4
Credit 3 Brownfield Redevelopment 1
Credit 4.1 Alternative Transportation, Public Transportation Access 4
Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1
Credit 4.3 Alternative Transportation, Low-Emitting and Fuel-Efficient Vehicles 2
Credit 4.4 Alternative Transportation, Parking Capacity 2
Credit 5.1 Site Development, Protect of Restore Habitat 1
Credit 5.2 Site Development, Maximize Open Space 1
Credit 6.1 Stormwater Design, Quantity Control 1
Credit 6.2 Stormwater Design, Quality Control 1
Credit 7.1 Heat Island Effect, Non-Roof 1
Credit 7.2 Heat Island Effect, Roof 1
Credit 8 Light Pollution Reduction 1
Credit 9 Site Master Plan 1
Credit 10 Joint Use of Facilities 1
Water Efficiency 11 Points
Y Prereq 1 Water Use Reduction, 20% Reduction Required
Credit 1 Water Efficient Landscaping 2 to 4
Credit 2 Innovative Wastewater Technologies 2
Credit 3 Water Use Reduction 2 to 4
Credit 4 Process Water Use Reduction 1
Energy & Atmosphere 33 Points
Y Prereq 1 Fundamental Commissioning of the Building Energy Systems Required
Y Prereq 2 Minimum Energy Performance Required
Y Prereq 3 Fundamental Refrigerant Management Required
Credit 1 Optimize Energy Performance 1 to 19
Credit 2 On-Site Renewable Energy 1 to 7
Credit 3 Enhanced Commissioning 2
Credit 4 Enhanced Refrigerant Management 1
Credit 5 Measurement & Verification 2
Credit 6 Green Power 2
Net Positive Water
Toronto Port Lands
Table 3.01 
 
The LEEDTM checklist provides a
breakdown of all sustainable building
components under the 7 segments of
Building performance. Each segment
has pre-requisites that must be
achieved before additional credits are
awarded.  
Items highlighted in red address water
in qualified LEED projects.  
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3.1.1 Analysis of Sustainable Sites 
 
LEEDTM Sustainable Site (SS) assessment is a process to identify the state 
and conditions of a project site. Green Building authorities understood 
the need to prescribe criteria to reduce the environmental impact of 
buildings and to engage the regional conditions of the ecosystem 
through a building by building initiative. The immediate segments that 
impact water quality in Toronto relate to Brownfield Redevelopment, Site 
Development, Stormwater Design for Quantity control and Stormwater Design 
for Quality Control.   
 
LEEDTM classifies the Environmental Assessment (EA) process as a 
prerequisite (Prereq. 2) for all applicable projects to identify the existing 
habitat, site contamination, and site-specific features that require 
preservation or conservation. The EA process discovers if a project will 
impede urban groundwater flow, or disrupt on-site water quality. EA’s 
allow architects to mitigate building conditions that may harm the 
environment, or encourage building systems that could revitalize the 
environment.  
 
LEEDTM NC awards 1 Brownfield Remediation credit for admissible 
projects that are situated on damaged lands complicated by 
contamination and pollution from prior occupants. Brownfield 
Redevelopment (SS c3) requires classification and approval by the 
appropriate local, provincial, or federal authority in order to qualify of 
the LEEDTM NC credit. Residential construction must remediate 
environmental threats as specified by local regulatory agencies such as 
the City of Toronto Community Improvement Plan for Brownfield 
Remediation3.  
 
Site Development (SS c5.1) establishes a framework where LEEDTM NC 
awards credits for the protection or restoration of the native habitat. 
Conservation of natural areas promotes biodiversity and growth in urban 
forestry4. Urban flora has root structures that establish soil integrity on a 
site to reduce soil erosion. Site Development ensures stormwater absorption 
to reduce urban runoff. The initiative is designed to ensure that urban 
inhabitation and constructed buildings contribute to the urban water 
cycle5.  
 
The bulk of Toronto’s urban waterfront is classified as Previously 
Developed Sites (SS c5.1, Case 2), a prescription that will require 50 
percent of a site area excluding the building footprint, or, 20 percent of 
the site area to be subject to environmental restoration and the 
protection of natural features.  
Figure 3.02 
Landscape plantings should be
selected based on climatic and
regional consideration to ensure
water cycle integration and
optimized water consumption.  
Landscape design should be
arranged according to plant
requirements for survival, such as
solar exposure and water. 
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Native and adaptive plant species should be utilized to restore 
environmental conditions to pre-construction conditions6. Landscaped 
site area is developed to ensure new building construction does not 
compromise urban water processes.  
 
LEEDTM NC SS requires project site selection based on management 
parameters of Stormwater Design for Quantity Control. LEEDTM NC will 
award 1 credit (SS c6.1) for the implementation of stormwater 
management to protect associated waterways from soil erosion and 
surface runoff. On-site management must decrease the rate and volume 
of stormwater runoff by 25 percent from the standards of a 2 year, 24-
hour design storm7. Permeable surfaces will need to be deployed in order 
to achieve the 25 percent runoff mitigation. 
 
LEEDTM Mid-rise prescribes site design requiring a minimum of 70% of 
the built environment to be permeable. This includes vegetative 
landscape, permeable paving, and impervious surfaces that are designed 
to direct runoff towards permanent infiltration features (e.g. vegetated 
swale, rain gardens). 
 
Stormwater Design for Quality Control will award 1 credit (SS c6.2) to 
effectively manage stormwater runoff based on a 90 percent average 
value of annual precipitation. LEEDTM qualified projects must develop 
building management practices to treat water runoff and remove 80 
percent of post-development total suspended solids (TSS). TSS is a 
measure of water quality, an index to ensure that the water treatment 
methods applied in a LEEDTM project achieve accurate and consistent 
on-site water quality. If TSS is to be managed on-site, it will most likely 
require innovative water filtration presented by Water Efficiency Credit 2.  
SS Credit 6.2 eligible projects in Toronto’s waterfront must manage 
upwards of 986mm of maximum precipitation, with approximately 
789mm subject to TSS filtration8. 
 
3.1.2 Analysis of Water Efficiency 
 
Water Efficiency measures target the present day volume of Toronto’s 
inhabitant misuse. LEEDTM NC addresses Water Efficiency in segments 
for Water Efficient Landscaping, Innovative Wastewater Technologies, and Water 
Use Reduction. LEEDTM Mid-rise divulges methods to use municipal 
recycled water. Reducing inhabitant water demand through high-
performance water fixtures, fittings, and appliances will improve the 
environmental impact of residential project applications. 
 
 
 
Table 3.02 
The LEED mid-rise pilot program
awards eligible projects for permeable
land coverage to address Stormwater 
Design for Quantity Control.  
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All LEEDTM projects must include a prerequisite for Water Efficiency 
(WE) Water Use Reduction, 20% Reduction to qualify for any of the 
accredited classifications. LEEDTM NC specifies a minimum requirement 
for strategic deployment requiring 20 percent water use reduction from 
the established baselines calculated for conventional buildings.  
 
Water Efficient Landscaping (WE c1) prescribes design 
criteria to reduce potable water-use for landscape 
irrigation. Sustainable urban landscaping utilizes the 
installation of native and resilient plant species that do 
not require irrigation9. Construction of residential 
projects without permanent irrigation systems in 
addition to the installation of drought resistant 
vegetation yields 4 LEEDTM NC credits. Reducing 
potable water consumption for the purposes of building 
landscape irrigation by a total of 50 percent will award 
projects with 2 credits.   
 
Weighing the available LEEDTM credits towards potable irrigation 
reduction identifies the significance of water use for landscape 
management. Applying LEEDTM NC Water Efficient Landscaping; 50 
percent potable irrigation reduction to Toronto’s current consumption 
value (60 Litres per day) reduces water consumption for multi-unit 
household consumption by 30 LPUD (Litres per unit per Day). Irrigation 
savings applied to Toronto’s population would reduce multi-unit 
residential water consumption by approximately 13 LPCD10, at 241 
LPCD.  
 
LEEDTM NC certification for Innovative Wastewater Technologies (IWT) 
provide up to 2 credits for projects that reduce potable water use for 
waste conveyance (WE c2).  
 
The first IWT credit assess eligible projects with an option to reduce 50-
percent of waste oriented potable water usage, or, the volume required is 
replaced by non-potable water. Suggested sources for non-potable water 
include captured rainwater, recycled Greywater, and on-site treated 
wastewater. The second credit is oriented towards on-site wastewater 
management requiring a minimum of 50 percent wastewater to be 
treated to tertiary standards.  
 
Applying the maximum performance of LEEDTM IWT to Toronto 
households would reduce average municipal wastewater contributions by 
35LPCD, resulting in an overall domestic water usage of 218 LPCD11.  
 
 
Figure 3.03 
York Region and other
municipalities have established
Water Restriction By-laws to limit
potable water use for irrigation
purposes. This reduces the burden
on Toronto’s water infrastructure. 
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Water Efficiency (WE c3) provides additional credits when a project 
removes their water dependency from municipal distribution beyond the 
minimum Water Efficiency Prerequisite. LEEDTM NC projects are awarded 
for a maximum of 40 percent water savings, although projects that 
achieve greater than 40 percent savings receive the same merit. LEEDTM 
prescribes Energy StarTM 12 qualified products that are readily available to 
consumers.  
 
Following successful exemplars of LEEDTM Platinum residential 
construction in Canada13, they achieved a 30 percent potable water 
reduction that would reflect the City of Toronto per capita consumption 
from 253 LPCD to 177 LPCD14. 
 
Combining the recognized water savings from Water Efficient 
Landscaping, Innovative Wastewater Technologies, and Water Use Reduction 
yields an overall usage reduction of Toronto’s multi-unit inhabitants 
down to 165 LPCD15.     
 
LEEDTM Mid-rise prescribes water reuse in residential building typology 
through Rainwater Harvesting and Storage, Greywater Reuse collected 
from household appliances and fixtures, and plumbing design to use 
recycled water. LEEDTM Mid-rise prescribes a default matrix to optimize 
household water use from fixtures and appliances. The Duration-of-Use 
and the Number-of-Use values are fundamental assumptions to calculate 
inhabitant water consumption.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.0.4
LEEDTM Mid-rise calculates indoor water use for reuse based on the following 
breakdown of inhabitant uses per day. 
Toilet: 5 times a day 
Bathroom Sink: 5 times a day 
Kitchen Sink: 4 times a day 
Shower: 1 time a day 
Table 3.03 
LEEDTM Mid-rise pilot program
awards points for a maximum of
50% water reuse.  
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3.1.3 Shortcomings and Criticisms  
 
If all 15 WE and SS credits are achieved, LEEDTM SS water initiatives 
can mitigate up to 90 percent of the impact of urban residential 
construction on a project site. The sum of water conservation prescribed 
by LEEDTM WE is not sufficient to meet the sustainable water use 
targets recognized by global water conservation authorities16.  
 
LEEDTM ‘Additive’ point’s methodology is challenged by the intuitive 
capabilities of applicants to discover diverse methods to exploit guideline 
definitions by chasing the easiest methods to achieve each credit. The 
‘points’ chasing exercise has a possible outcome where projects with 
poor environmental models are capable of achieving high accreditation. 
If a project is evaluated with a high quantity of points, they could 
theoretically achieve ‘Platinum’ accreditation (80 points plus) and 
completely forego the necessary 15 Water Efficiency and Sustainable 
Sites credits for sustainable water use.  
 
LEEDTM NC Water Efficiency is one of the most readily engaged 
segments of the Green Building guideline. LEEDTM specification for 
Energy StarTM qualified products already performs 20 percent better than 
the established water use baseline. Once a project has deployed Energy 
StarTM fixtures and appliances, they fulfill the guideline Water Efficiency 
Prerequisite. Energy StarTM products are commonplace, and do not 
achieve sufficient water savings to curb overconsumption.   
 
LEEDTM Mid-rise pilot program does not consider bathing as a form of 
household water use under the calculation matrix for water reuse. 
Duration-of-use and Number-of-use assumptions have been made on 
behalf of LEEDTM but the basis of the assumptions has not been 
unveiled. An accurate prescription of the two water use factors should be 
based on water use studies from urban municipalities.  
 
Criticisms of LEEDTM provided by The Living Building Challenge 
questions the high level of distinction given to projects that do a great 
deal of things better. Achieving a high number of compulsory items for 
higher grades of ‘sustainability’ can be a paradox as the more items are 
applied to a structure; the greater the requirement to maintain and 
service sustainable building systems. Platinum rated projects require 
sufficient operational energy and economic funding to maintain under a 
system by system additive approach.   
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3.2 The Living Building Challenge 
 
The Living Building Challenge (LBC) is a sustainable accreditation 
processes that is highly distinguished in the building industry. The 
challenge calls all professionals to build projects that have the potential 
to positively influence the human condition and cause no ill detriment to 
the environment. Any structure that is able to achieve recognition for 
being ‘Living’ can distinguish itself as one of the most sustainable and 
Green Buildings in the world.  
 
Establishing the LBC is a set of cohesive standards to define the most 
advanced measures towards sustainability and a quest to achieve the 
necessary performance to do so in seven key areas: 
 
Site 
Water 
Energy 
Health 
Materials 
Equity 
Beauty 
 
These seven performance sectors or ‘Petals’ suggest the evolution of 
sustainable architecture through the construction of a flower. The petal 
methodology re-evaluates buildings as entities that are routed iteratively 
and figuratively in place. Following the ideology of Biomimicry17, the 
LBC examines the natural model and attempts to emulate the form and 
function of the subject. Reflecting upon the flower suggests a means 
towards achieving sustainability requiring a Passive response to the 
environment to harness the resources it provides (i.e. photosynthesis, 
water capture, and soil infiltration).   
 
The goal of the LBC is explicit, but implicit requirements follow dozens 
of strategies that need to be achieved in order achieve sustainable 
resource use. All seven petals of the Living Building Challenge are 
prerequisites. Applicants do not have the freedom to choose between 
sustainable energy targets over water conservation initiatives. Unlike 
LEEDTM, the Living Building Challenge is not an additive process but it 
can be classified as ‘temporarily subtractive’18. The challenge can be 
transformative, allowing exceptions in regions where market restrictions 
such as code-regulations and material-scarcity make accreditation 
difficult or nearly impossible.  
 
Similar to LEEDTM, Site and Water petals are the first components to be 
considered in the LBC guideline.  
Figure 3.04 
 Equity is a recent addition to 
The Living Building Challenge 
2.0 and is not displayed in the 
Flower Petal Diagram. 
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3.2.1 Site Selection 
 
The LBC addresses Site Selection by establishing prerequisites for the safe 
selection of project location and adequate processes towards 
environmental restoration in degrading development lands. Projects will 
not be constructed within 50-feet of existing wetlands or adjacent to 
sensitive ecological Habitats such as Primary Dunes, Old Growth Forest, 
virgin prairies, and prime farmland or within a regionally designated 100-
year flood plain19.  
 
The LBC utilizes the ‘Koppen’ Climate Classification System20 to 
prescribe Site design conditions across the world. The Challenge utilizes 
the climate system to recognize 5 major climatic groups in North 
America, based on annual-monthly averages in temperatures and 
precipitation. Toronto falls into a continental ‘Great Lakes’ group and 
Site selection within this prescription is subject to the ‘Great Lakes’ 
performance evaluation. The Koppen system is widely used and 
coincides with regional vegetation and soil patterns essential to 
understanding water hydrology and regional ecosystems. 
 
Since urban development displaces environmental conditions, the LBC 
prescribes a concept of Habitat Exchange to replace the Site that 
development must occupy. This process ensures that human occupation 
does not entrench on regional biodiversity by allowing environmental 
conditions an opportunity to thrive in alternative lands of equal size.  
 
The LBC recognizes the contribution to the urban water crisis as a result 
of poor municipal utility practices21. Projects that are dependent on 
municipal stormwater and sewage treatment processes do not qualify. 
Wastewater diversion unintentionally depletes urban potable water stock, 
resulting in degrading urban environmental conditions. 
 
One of the thought provoking reviews presented by the LBC is an 
assessment of standardized water treatment in North America. Toilets in 
each household take an isolated volume of waste and through 
infrastructure diversion, flushing the waste into a larger wastewater 
volume. City-wide waste collection allows the wastewater to fester with 
toxins and bacteria. The solution becomes so potent it becomes harmful 
to inhabitants and the environment, removing the possibility to treat the 
medium through natural water processes. Cities must then rely on the 
use of chemicals and energy resources to remove and treat the 
wastewater equally potent chemicals.  
 
 
 
Figure 3.05  
Toronto is classified as DFA – with
summers which are somewhat
wetter than winter. Although this is
true, Toronto has been subject to
drought. Refer to Appendix D. 
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3.2.2 Water 
 
The LBC addresses the value of Water in two categories. The first is a 
Net Zero Water approach to building development, with 100 percent of 
occupant water provided by a closed-loop system within the building. 
The initiative is based on the premise of the end of water availability, 
where projects provide for inhabitants without relying on municipal 
water utilities. Net Zero Water is based on the concept of ‘Water 
Independence’22, a form of water management that is not recognized by 
municipalities across North America and is contrary to the quality and 
health regulations placed upon urban water to protect inhabitants. The 
Challenge recognizes the regulatory conflicts that will occur as a result of 
its guideline prescription for building 
performance. LBC will challenge 
established water handling regulations 
to allow water independence and 
cyclic water-use to succeed.  
 
Water independent, Net Zero Water 
buildings will harvest and treat 
precipitation and wastewater to meet 
domestic demand. The LBC 
prescribes the capture of fresh water 
resources from impervious surfaces 
such as residential rooftops, 
balconies, and building podiums. The 
medium should be stored or ‘Banked’ 
in storage mechanisms to await future 
reuse. Advanced water filtration, 
water treatment and quality 
management techniques should be 
deployed to address inhabitant waste 
and remove the content from the 
water medium. 
 
The second segment of the LBC is concerned with the impact of project 
construction and the urban water crisis. The LBC specifies that 100 
percent of stormwater and building runoff must be managed within the 
project site. Stormwater is to be treated and reused to feed internal 
building demands. Water that is released from a site must be subject to 
an on-site management and treatment processes to control water outflow 
quality. Acceptable means of water egress from the project site consist of 
natural time-scale surface flows23, groundwater recharging, and on-site 
agricultural use. 
 
Figure 3.06  
Divisions of Household Water
Use establishes appropriate
applications of potable water
demand vs. Non-potable water
demand. This will help define
the extent of cyclic water use. 
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The LBC distinguishes its policy through a stringent certification process 
with assessments based on an audit of actual building performance, 
rather than projected performance targets. The challenge responds to the 
ecological consideration of water management by prescribing a concept 
of ‘Scale Jumping’, where multiple buildings or projects are allowed to 
operate in a cooperative state (Table No. 4.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.05 
Scale Jumping in The Living Building Challenge. 
 
The following standards are required for building/development/community 
projects to qualify for The Living Building Challenge: 
 
The project may not restrict access to the edge of any natural
waterway, except in hazardous conditions.  
Must not build within 100-year flood plains 
Must be built on Brownfield (Contaminated Land) and previously
developed sites 
Maintain 15 meters and up to 70 meters of separation to wetlands.  
Water systems that account for downstream ecosystem impact are 
appropriately purified without the use of chemicals. 
 
On site landscaping may only include native and or naturalized plant species in
such a way that emulates plant density and biodiversity of the indigenous
ecosystems.  
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Eligible LBC projects are judged post construction based on 
performance recorded from utility documentation such as water bills or 
other resource uses. If water is purchased for a project, the purchase 
must be a one-time event. Certification of project building performance 
is intended to recognize all forms of construction from landscape 
infrastructure, individual building scale, and up to community-
neighbourhood engagement. 
 
The LBC recognizes that climate, urban site conditions, and 
environmental context are primary influences that demand different 
‘Living’ building solutions. Project owners must state that they achieved 
all prescribed Challenge prerequisites and provide copies of documented 
proofs. 
 
3.2.3 Shortcomings and Criticisms 
 
The LBC establishes a similar guideline structure to LEEDTM, but it does 
not prescribe fixed performance standards that must be achieved in 
order to establish a Living Building. Living Building performance 
changes from project to project as they are subject to differing 
environmental conditions and building demands. The specialized case-
by-case evaluation of each LBC candidate makes a generalized guideline 
broad and difficult to prescribe.  
 
LEEDTM recognition has resulted in applicable project examples that 
showcase SS and WE initiatives in multiple project scales. Due to a lack 
of case study exemplars and an incomplete listing for sustainable 
construction sources, The Living Building Challenge appears to be 
almost an incomplete standard, or a work-in-progress guideline. The sole 
Canadian exemplar of a certified Living Building is ‘Eco-sense’, a rural, 
low-rise residential home situated in Victoria, British Columbia. The 
typology is not relevant to higher density urban construction, but it 
showcases some of the strategies that may occur to develop Net Zero 
Water.  
 
Eco-Sense is situated amongst a region with plentiful environmental 
resources providing fresh groundwater for potable water intake from an 
adjacent aquifer. The project was allowed special municipal provisions to 
utilize composting toilets. The sanitary and health implications of 
composting toilets would be an improbable application amongst urban 
applications, where the population density produces too much 
wastewater to be treated with natural processes.  
 
 
 
Figure 3.07 
Eco-sense Rural Housing Application
is one of the sole Canadian examples
of residential construction achieving
the LBC. 
Vancouver Island. British Columbia.
Canada. 
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The LBC certification of ‘Eco-Sense’ uncovers a variant in Site, Habitat 
Exchange policies with the project being awarded a judgment of merit. The 
construction of Eco-sense was able to avoid the immediate ramifications 
of Habitat Exchange standards due to the well-known affiliations of the 
project owners involved in volunteer organizations for regional land 
protection and forestry conservation.  
  
Urban City areas are not subject to the same richness of resources and 
undisturbed water quality. Urbanized waterfronts are not capable of 
offsetting inhabitant resource consumption at the same scale of the Eco-
Sense exemplar. 
 
The LBC cautions those who attempt all seven flower ‘petals’ that the 
task is extremely difficult in light of current building and design 
practices. In the mean time, there is no record of any application or 
successful Challenge project in urbanized domestic applications. This 
seems to reflect a level of difficulty for the construction industry to 
engage in the Challenge, and that brings to question the feasibility of 
successful urban Living Buildings.  
 
3.3 Simple and Advanced improvements for higher 
density residential Green Building 
 
Simple improvements to achieve water savings recognize the ability for 
inhabitants to drastically reduce their water demand. Improving 
performance in water fixtures and appliances allow inhabitants to 
embrace water conservation without impeding on household comfort. 
An education strategy should be developed for inhabitants so that they 
can learn to utilize the improvements of water fixtures appropriately. 
Water use prescriptions will be based upon documented studies for 
residential water demand in the City of Toronto. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.06 
Municipal water use studies record the volume of water that is utilized in each
category of household water demand. Understanding the minimum amount of
water required for each water task will provide a further breakdown of the
documented water use and unveil where water can be conserved.
Indoor Water Use Breakdown
Average Canadian Inhabitant Water DCPL842egasu
DCPLtnecrePDCPLtnecreP
Toilet 28% 69.44 Leaks 11% 27.28
Clothes Washer 22% 54.56 Baths 3% 7.44
Shower 19% 47.12 Dishwasher 2% 4.96
Faucet 15% 37.20
Reference: Ci ty of Toronto Wet Weather Flow Master Plan
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Prescribing strategies for water conservation comes second to the 
simplest method to achieve water savings; a goal to eliminate all sources 
of household water Leakage. According to Toronto’s current water 
demand, approximately 10-12 percent (27 LPCD) of water savings can 
be achieved by halting current levels of household water leakage. 
Dripping faucets and fixtures can waste a large quantity of potable water 
in a short period of time. The smallest leak in water plumbing could 
dump up to 55 litres of potable water within a 24-hour timeframe. 
Although water leakage is not an expected phenomenon in new 
construction projects, encouraging sustainability in plumbing practices 
will reduce the opportunity for leaks as the building matures.  
 
One of the first steps to deconstruct the common misunderstanding of 
water abundance is to calculate the amount of water that is actually 
required for water related household tasks. Establishing baseline usage 
values will provide a reference to measure and diagnose water 
consumption habits. Simple questions need to be asked, and answered. 
 
For example:  
 
How much water does it take to wash hands to sanitary standards?  
How much water is required on average for the brushing of teeth?  
 
Educating inhabitants to make smart, sustainable decisions for water use 
is the best means towards improved water conservation. One exemplar 
presented by the U.S. Environmental Protection Agency (EPA) is to curb 
inhabitants from leaving the faucet on until cold water reaches the tap.  
Another suggestion for water savings is to make sure users to turn off 
their faucet during teeth brushing or for facial cleansing. Showering 
rather than bathing can also render substantial water savings. These 
suggestions focus on the inhabitant to moderate the Time-Of-Use and 
Choice-Of-Use for their water demand. The time and duration of 
household faucet use will directly dictate the volume of water consumed. 
 
If inhabitants are engaged in moderating their water demand, the 
necessary tools should be provided to achieve further water savings. 
Projects should be encouraged to deploy the best functioning faucets and 
fixtures available in the marketplace to improve economic and resource 
savings. Encouragement can come in the form of government bursaries 
or subsidizations for developers to implement water conserving fixtures 
and appliances24.  
 
 
 
Figure 3.08 
Approximately 1 gallon of potable
water is wasted per 15,140 drips,
or 1 litre in 400 drips per leaking
faucet 
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The design of traditional North American households maintains health 
and well-being by utilizing water as a ‘Quick-in, Quick-out’ resource. 
Household faucets and sinks are designed for high rates of water outflow 
to prevent occurrences of unwanted flooding that could lead to property 
damage. This system of quick resource use is one of the key factors 
leading to water waste. If faucets and sinks can be designed to manage 
water outflow where inhabitants are actively made aware of the total 
volume of water they demand, the opportunity for overconsumption can 
be mitigated.  
  
Awareness in water use under the current stock of residential and mixed-
use typology brings very little attention to actively monitor the volume of 
water demand from inhabitants. Projects are constructed without the 
need to expose or engage inhabitants to the benefits of water savings. 
That reduces the possibility of inhabitant engagement to monitor 
resource use and to actively see the results of their conservation efforts.  
 
Advanced methods to achieve Net Zero Water must provide smart 
monitoring tools to engage inhabitants through the building typology. 
Providing water use exposure immediately through end-of-pipe 
monitoring and metering will show inhabitants exactly how much they 
use, and in turn, be able to assess how much water is required per 
household task.  
 
Understanding which qualities of water are required to achieve 
household tasks can reduce the demand for potable water. Residential 
water provisioning is attributed to four core household sources; the 
kitchen, the bathroom, laundry, and outdoor use. Water used for food 
preparation and personal hygiene requires potable water quality where as 
domestic water for waste disposal, housekeeping, and waste conveyance 
do not require the same quality.  
 
Water for food preparation may not require the same stringent post-
consumption treatment processes required to address wastewater. Rather 
than chemically treat the medium, there may be methods of filtration to 
separate Greywater from kitchen sediment and debris. Bathroom potable 
water demand may be replaced with filtered post-consumed Greywater 
for waste conveyance, showers and baths, and even sink basins where 
water is not utilized for sanitation.  
 
 
 
 
Figure 3.0.9 
Conventional kitchen faucet and sink
combinations provide the quickest
means for water to escape from the
household. Notice the linear
relationship between water feed and
water drainage. Conventional water
related hardware is designed flush
water from the inhabitable household
as soon as possible, regardless of how
much water resource is wasted.  
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Endnotes:
                                                            
1 City of Toronto, Waterfront Toronto Growth Plan. http://www.toronto.ca/involved/projects/wfsanplan/ 
2 LEEDTM NC Checklist, Appendix B Pg.1-2
3 The Community Improvement Plan (CIP) provides financial incentives to encourage Brownfield remediation 
supporting the development of residential and employment uses.  http://www.toronto.ca/planning/newtor_cip.htm#4 
4 Urban forestry is a terminology prescribed for trees situated amongst the private and public realm in the urban city area
5 Waterfront Toronto, emphasis on Healthy Environment dependent on flora. New Technologies developed to support 
urban forestry. http://www.waterfrontoronto.ca/our_waterfront_vision/our_future_is_green/healthy_environment 
6 City of Toronto has an urban forestry department providing a listing of all native and adaptive plant species.  
7 Using a 10 minute Time Stamp with a Chicago Storm Distribution, the 2-year 24-hour total depth of rainfall for the 
City of Toronto is calculated at a 43.85mm. David Keldershone. Toronto Water. City of Toronto Wet Weather Flow 
Master Plan 
8 Toronto’s maximum annual rainfall is documented at 986mm. Buildings are required to manage 80% of the maximum 
water rainfall under LEEDTM SS c6.2. The resultant amount equates to 789mm.
9 Refer to Appendix C – Native Shrub & Trees for Naturalization in the City of Toronto, Urban Forestry. 
http://www.toronto.ca/trees/
10 Refer to Appendix E. Section One Calculations No.8 
11 Refer to Appendix E. Section One Calculations No.12
12 Energy StarTM is a government supported program for water and energy efficient appliances and fixtures. 
http://www.energystar.gov/
13 Refer to Chapter 1, Section 1.5, Pg. 5.   
14 Dockside Green Score Sheet. 
http://www.docksidegreen.com/Portals/0/pdf/sustainability/Dockside%20Green%20LEED%20Scoresheet%20-
%20Synergy.pdf
15 Refer to Appendix E. Section One Calculations No.10  
16 Chapter 2, Pg. 21. World Commission on Water and the World Health Organization identifies 70 LPCD of sustainable 
water use for global water equity and equal water rights 
17 Biomimicry examines nature and it’s models, systems, processes and attempts to emulate those processes in solutions 
for human issues 
18 Living Building Challenge User Guide specifies its structure as a temporarily subtractive methodology. 
https://ilbi.org/lbc/LBC%20Documents/LBC2-0.pdf 
19 The Toronto Port Lands are subject to 100-year floodplain conditions as prescribed by Waterfront Toronto. Brenda 
Webster. Lower Don Lands Project Manager. 
20 Native vegetation is best described by climate defining boundaries based on regional vegetation growth. 
http://geography.unt.edu/~mcgregor/Earth_Science/The_Koeppen_Climate_System.pdf 
21 Living Building Challenge Guideline. 06 Ecological Water Flow. https://ilbi.org/lbc/LBC%20Documents/lbc-2.1 
22 Water Independence requires a building to treat Blackwater and Greywater and renew the medium into Potable water 
for human intake. Water Independence and Closed-Loop water is the same. https://ilbi.org/education/reports/oregon 
23 Living Building Challenge Guideline. 06 Ecological Water Flow. https://ilbi.org/lbc/LBC%20Documents/lbc-2.1
24 CMHC water conservation initiatives. http://www.cmhc-schl.gc.ca/publications/en/rh-pr/tech/97111.htm
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Chapter FOUR: Case Studies for Water sustainability  
 
The intention of the Green Building Case Study is to determine the 
strategies, the mechanisms, and the performance that is required to 
establish sustainable domestic water use. Exploring successful examples 
of Green building construction will showcase the level of engagement 
that is required to prescribe sustainable water practices. The following 
projects have been acclaimed for sustainable Green Building 
performance in Canadian domestic construction.  
 
Dockside Green Development is one of the first urban master planning 
communities to achieve LEEDTM Platinum accreditation. The mid-rise, 
mixed-use project is situated in the reclaimed waterfront of the Victoria, 
B.C. Inner Harbour. Dockside Green showcases domestic Green 
Building construction utilizing Passive means to retain stormwater 
content in conjunction with urban domestic intensification. Integrated 
into the first phase of construction is a water treatment facility with the 
capability to support the water use of the entire neighbourhood. The 
development establishes sustainable means of water reuse and Active 
processes for water quality renewal.   
 
The 2010 Vancouver Olympic Village is a LEEDTM Platinum 
Development that showcases an urban building strategy to managing 
Clean and Dirty water conditions in conjunction with Passive water 
renewal. The Village was constructed in unison with the redevelopment 
of Hinge Park and the South East False Creek wetlands. Within the 
Olympic Village lies one of Canada’s first multi-unit residential buildings 
utilizing water based building solutions to achieve Net Zero Energy. The 
Net Zero Energy Social Housing Project demonstrates resource savings 
from Active water storage and innovative methods to diversify water 
use within domestic construction.  
 
Drake Landing Solar Community (DLSC) is a National Resources 
Canada (NRCan) R-2000 standard suburban low-rise development in 
Okotoks, Alberta. The project integrates advanced solar thermal energy 
systems, utilizing water as a means to capture and store energy for short 
term and long term durations in a ground source borehole network. 
DLSC showcases the application of Active building systems that can be 
adapted to preserve the quality of water resources for long term 
storage.   
 
 
 
Figure 4.02  
Perspective to the South.  
Millennium Waters, 
 Vancouver Olympic Village.  
SEFC. Vancouver B.C. 
 
Figure 4.01 
Aerial Perspective to the Southeast. 
Dockside Green, Victoria B.C.  
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The selected developments manage domestic water content utilizing 
simple and advanced water related building systems. They prescribe the 
means to mitigate the impact of domestic construction on the regional 
environment, including On-Site and Building strategies to reduce the 
level of water that is required to operate domestic buildings. Comparing 
constructed references identifies the scale of sustainable water 
engagement to establish the guiding principles for Net Positive Water 
generation.     
4.1 Dockside Green Development 
 
Dockside Green Development encompasses 15 acres of previously 
Brownfield (Contaminated) industrial lands situated in the City of 
Victoria’s Inner Harbour. The mixed-use development will be home to 
approximately 2,500 residences in conjunction with light-industrial, 
commercial office, and retail space. All eligible structures will be built to 
LEEDTM NC Platinum accreditation, with the first residential building 
entitled Synergy achieving full certification in 2008 achieving all 5 
applicable LEEDTM water credits1. LEEDTM Platinum certification 
resulted from a combined strategy for Active and Passive building 
systems developed for water resource conservation.  
Figure 4.03  
Dockside Green Master Plan 
The development looks into
Victoria’s inner harbour and is
buffered from the coastline by
operational industrial facilities. 
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4.1.1 On-site Environmental Revitalization 
Synergy utilizes the first stage of Dockside Green's site-wide water-
management capabilities under an Integrated Resource Recovery (IRR) 
strategy2. In adherence to LEEDTM NC Platinum accreditation, the 
project utilizes advanced methods to renew inhabitant Greywater, and 
Blackwater allowing reuse of the water medium for alternative on-site 
purposes. 
 
An aggressive On-site irrigation and landscaping strategy was developed 
to re-introduce groundwater hydrology and ground infiltration on the 
site, two natural urban water processes that were lost as a result of prior 
industrial land use and site contamination. The City of Victoria’s climatic 
conditions are suitable to establish outdoor waterway areas as a means to 
retain stormwater and surface fresh water conditions throughout the 
seasons. Synergy is the first building to utilize Dockside Green’s On-site 
naturalized creek and pond system as a means to reuse On-site and 
Building water.  
 
The project utilizes the greater sum of all open spaces and 
landscaping features as functioning landscape element to passively 
filter and renew On-site water. The linear creek stretches across the 
entire length of the development site, collecting stormwater precipitation 
for future reuse in addition to developing a functional micro-ecosystem 
that forms a ‘Synergy’ between the newly established domestic 
construction and the environment. The Passive On-site strategy will 
accommodate and absorb 100-year flooding and rainfall levels. 
Figure 4.04 
DG’s integrated water system
filtrates and slows the rate of
outflow into the harbour. The
system must be isolated and
protected from contamination
sources such as roadways. 
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The creek meanders and slopes throughout the site to induce water flow, 
preventing conditions of water stratification and stagnation that can lead 
to the growth of harmful bacteria and disease. Naturalizing the site by 
replicating native soil and shoreline conditions created a buffer between 
the expected densities of human inhabitation introduced by Dockside, 
and the natural coastline of Victoria’s inner harbour. The large capacity 
of the creek system is also used to as a Passive container to store 
Synergy’s unused treated Greywater. Water in the creek system is 
utilized to meet all of the irrigation demands in Dockside Green. 
 
 
 
The design of the naturalized waterway encourages the growth of 
indigenous and adaptive plant species. The naturalized setting establishes 
a beautiful open landscape condition with reclaimed lumber for 
walkways and walkouts for at-grade units. All pedestrian pathways 
associated with the naturalized waterway are permeable to reduce water 
runoff into the nearby coastline. The small micro-habitat has successfully 
become home for terrestrial and aquatic biodiversity with signs of animal 
activity reflecting good environmental health. Water leaving the site is 
gradually re-introduced to the regional ecosystem through 
groundwater and infiltration Bioswales. 
Figure 4.06  
The ground floor condition of Synergy
– DG Phase 1 embraces naturalized
shoreline conditions for greater
environmental awareness. The
waterway re-introduces natural features
into the inhabitant realm. 
Figure 4.05 
DG’s integrated waterway allows for 
the collection of rainwater for on-
site irrigation purposes as a form of 
cyclic water reuse. 
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Integrated building design utilized Balconies, Roof area and the building 
envelope a means to capture stormwater. Green roofing systems are 
used to collect precipitation on Synergy’s roof. The collected rooftop 
stormwater is directed towards balcony mounted vegetation planters. In 
areas of the building envelope that do not have balconies, Green Wall 
systems are used to slow the rate of water runoff from the building. The 
integration of the landscape elements is utilized to slow the rate of 
precipitation flow off-site. Building landscape elements utilize native 
plant species imbedded within a highly absorbent soil medium to 
contain and slow water infiltration.  
 
 
 
 
 
 
 
 
 
 
 
 
The trickling ‘Top-Down’ process of water flow is gravity fed, allowing 
rainwater to flow from balcony to balcony until the soil filtered resource 
reaches the sites naturalized, man-made creek. Due to the climatic 
conditions of Victoria and the large volume of precipitation throughout 
the seasons, the collection of rainfall is sufficient to provide Greywater 
for all of Synergy’s toilets, in addition to other non-potable water 
building services. This allows inhabitants to defer their water 
consumption to continuously regenerate environmental conditions On-
site and on the building.  
 
Figure 4.08  
Balcony mounted planters contain 
maintenance free native/drought 
resistant plant species. 
Downspouts from each floor direct 
soil filtered rainwater throughout 
the tiers, establishing multiple 
levels of soil filtration.  
Figure 4.07 
Bioswale terrain is established to 
buffer roadway waste from the DG 
cyclic water system.  
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4.1.2 Domestic Water reuse 
 
The key requirements that makes On-site water renewal possible is the 
pursuit of water conservation to reduce the volume of inhabitant water 
use. Inhabitant water savings reduce the scale and economic demands 
for active mechanical water treatment solutions, enabling Dockside 
development to deploy a feasible economic and sustainable strategy to 
reach Net Zero Water, water neutrality. Synergy Towers achieved a 65 
percent (%) reduction in daily potable water consumption when 
compared to the average volume of water use recorded in the City. 
 
At the heart of Dockside’s sustainable water strategy is to provide the 
best performance in water faucets and fixtures available on the market. 
Each household appliance in Synergy is applicable for Energy-StarTM 
quality compliance including Dishwashers and front loading Clothes 
Washing Machines. The anticipated savings resulting from the use of 
high efficiency water conserving hardware is calculated at upwards of 
147 million litres (39 million gallons) of water per annum. The flow rates 
of Synergy’s water fixtures and appliances are listed below: 
      Showerheads 4.7L/min 
      Lavatories 1.9L/min 
      Kitchen Faucet 3.4L/min 
      Toilets 3.0L/flush 
      Urinals 0.0L/flush 
Figure 4.09 
Dockside Green utilizes a building
integrated cycle of water flow whereby
water is used, reused, and renewed to
safe quality conditions, allowing
inhabitants the opportunity to embrace
waterway and water-entrenched site
conditions. Stormwater, Greywater, and
Blackwater are all managed on the site
through the buildings Wastewater and
Stormwater treatment plant situated
beneath Phase 1 – DG – Synergy
Towers. 
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Situated below Synergy is the first stage of a $4 million dollar on-site 
wastewater treatment plant. The water treatment plant is utilized to treat 
100-percent (%) of Dockside’s inhabitant wastewater, generating an end 
water quality that is cleaner than comparable municipal distributed water. 
The treatment plant is capable of processing upwards of 183m3 of 
wastewater per day (70 litres per person), with allotted reuse of treated 
water saving upwards of 113 million litres (30 million gallons) of 
drinking water per year. Dockside’s wastewater treatment plant is a Class 
IV Wastewater Treatment Plant classified by the Environmental 
Operators Certification Program. The plant has regularly met, and 
exceeded the effluents requirements laid out by its operational 
certification3.  
 
Synergy’s wastewater treatment system has an average water retention 
time of 5.5 days. Within this time, wastewater is being screen and 
collected in equalization tank for treatment. The application of biological 
additives removes waterborne waste material with the least amount of 
disruption to the water medium. The water then flows into a membrane 
tank with hollow ‘spaghetti-like’ filters (Fig. 4.11 Pg.54), further cleaning 
the medium until it is disinfected by UV processes. The resultant non-
potable Greywater is utilized for On-site irrigation to sustain the 
vegetation in Green Walls, Green roof systems, and Balcony planters. 
Non-potable Greywater will also be reused for toilet waste conveyance. 
 
 
 
 
Figure 4.10 
The diagram above depicts the journey
from which Blackwater and Greywater is
recycled. Bioreactors allow sludge and
waste materials to separate water
allowing the medium to enter into the
DG filtration process. Once excess
waste is partitioned, UV treatment
removes bacteria and then the medium is
stored for future reuse for water features
and Greywater toilets. 
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Canadian based GE Zenon/Zeeweed Ultrafiltration modules4 were 
selected for the water purification process due to their compact 
packaging and modular design. Just one of the processing modules is 
capable of processing up to 40 percent of Dockside's domestic sewage at 
upwards of 95,000L of sewage per day. Two units have been installed to 
provide for redundancy and maintenance ensuring continued filtration, 
with a third to be expected to fulfill the future requirements when 
Dockside reaches full build-out. The compact modular design allows all 
three units to be housed within a single building on site. 
 
Dockside Green utilizes advanced Ultraviolet water treatment 
systems produced by Trojan Technologies. Ultraviolet technology is 
utilized for water cleansing by exposing water to artificial ultraviolet light. 
Ultraviolet treatment eliminates waterborne bacteria, contaminants, 
odor-causing compounds, pesticides and irregular sources of foul taste. 
The patented application of these systems limits the available 
documentation and research as each UV water treatment system is 
tailored specifically to project demands.   
 
Effluent from Dockside’s wastewater treatment plant is discharged in 
two ways. A high pressure system delivers treated water for reuse in 
toilets and roof-top garden irrigation. A low pressure system maintains 
water levels within the naturalized creek system and is used for summer 
creek irrigation. If levels of rainwater and treated effluents get too high, 
the medium is allowed to overflow into the Victoria Harbour.  
 
Treatment systems are designed to buffer surge flows that can occur 
during severe weather events or flooding. If the treatment system were 
to shut down, on-site sewage and wastewater could be stored for future 
removal to off-site or municipal facilities. In addition to this system 
failsafe, the wastewater plant utilizes an advanced Ultra Violet (UV) air 
decontamination system to eliminate unwanted odors from the water 
treatment process.  
 
Although the water treatment process produces potable effluents, the 
cleansing process leaves residual partitioned waste solids. Dockside 
produces a daily sum of one garbage-bag worth of Bio-solids that are 
compacted and reduced into smaller brick forms. The compression and 
processing technique reduces the polluting content of the waste which 
then also eliminates the opportunity for waste decay. The bricks are safe 
enough to be utilized amongst the urbanized setting for on-site human 
composting and landscape management.  
 
 
 
Figure 4.11 
 (Upper Image) GE Zenon
Ultrafiltration membranes are
made from a series of holly
strands. Each strand is placed
under vacuum allowing the
strands to suck in water, while
debris is blocked from the water
medium. 
Figure 4.12 
Ultra Violet light penetrates clean
water resources exposing
waterborne bacteria. The UV
penetration destroys the DNA of
bacteria, thereby cleaning stored
water resources.   
 
 51 
 
4.1.3 Economic sustainability of Domestic Water Treatment  
 
Distinctive to Dockside Green’s initial planning process was a Triple 
Bottom Line Planning Process (TBL), expanding beyond conventional 
building methods by including the criteria of Social and Ecological 
Value. Commitment to the TBL by both the City of Victoria as well as 
the developer led to equal considerations for economic, social, and 
environmental benefits as a result of the urban intensification project. 
The willingness of the developer to embrace the TBL and the resulting 
negotiation with local authorities allowed Development Charges and 
Development Infrastructure costs to be waived.  
 
The introduction of social and ecological considerations gave Dockside 
support from multiple levels of government allowing changes to local 
municipal acts. As Dockside is able to sustain its communities without 
significant burden to municipal services, residents benefit from 
exemptions to Property Tax and the substantial reduction to Energy 
Costs. The progressive capabilities of the systems deployed in the 
development also provide income generating sources as a payback for 
the initial construction investment. 
 
Future plant expansion will increase the expected on-site water 
processing capabilities allowing Dockside to process an increased 
volume of 378m3 per day. The potential processing power will make an 
additional 6.8 million litres (1.7 million gallons) of treated water available 
on the site, providing a valuable resource for off-site sales. The 
production of such a large volume of potable drinking water allows 
Dockside residents to avoid all municipal sewage and water bills as a 
component of Dockside's able negotiations with the City of Victoria.  
 
Wastewater treatment processes also produces sufficient number of 
waste bricks to be offered as consumable fuel for off-site sales. These 
benefits will ultimately reduce the standards of living for Dockside's 
residents displaying the economic benefits of sustainable water use and 
water renewal. 
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4.2 Millennium Waters Vancouver Olympic Village  
(South East False Creek) 
 
South East False Creek (SEFC) served as an established industrial area 
over the past century as a component of Vancouver’s port-based 
maritime economy. The site became highly valued for its waterfront 
redevelopment potential. The first phase of the SEFC redevelopment 
was selected to house the Vancouver Olympic Village when the City of 
Vancouver won the bid for the 2010 Olympic and Paralympic Games.  
 
At the core of the SEFC's planning principles were considerations for 
waterfront environmental renewal and the regeneration of the regional 
ecosystem. In order to construct the SEFC Olympic Village, the 
Brownfield site required land remediation and the removal of 235,000 
tonnes of polluted soil content. To ensure that the Olympic Village 
would not contaminant the land, buildings and streetscapes were 
designed to isolate and trap urban debris. This would allow the project to 
establish environmental engagement to restore the regional hydrology 
and water flow of the False Creek without any negative impact as a 
result of the Olympic Village intensification.    
 
 
Figure 4.13 
The Vancouver Olympic Village is
bordered by the red boundary. The
village is situated in South East
False Creek, and is the first phase
of a greater master plan which
includes the development of key
energy and resource utilities. The
entire SEFC is designated as
industrial Brownfield classification
and requires soil remediation.   
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4.2.1 Urban Water Renewal 
The Olympic Village was designed as an Effective Impervious Area 
(EIA), functioning as a plane to divert all of the Villages stormwater. 
SEFC is a geographic region that is subject to high levels of groundwater 
content and a water table level that is very close to the surface landscape 
conditions. These On-site conditions combined with the land 
displacement from the Villages building intensification meant that urban 
water content could not be absorbed by the land, creating surface 
conditions that would dump water into the False Creek.  
 
Stormwater runoff from the Olympic Village EIA became a premise to 
develop an independent water management area, diverting stormwater 
across the Olympic Village into the Hinge Park Wetlands. The wetland 
was geographically located in place of a prior river estuary that was 
destroyed as a result of industrial land use. The reconstruction of the 
wetland in Hinge Park would mitigate the impact of urban 
intensification and re-establish regional landscape hydrology as a 
component of the SEFC regional ecosystem, allowing water resources to 
once again flow out into False Creek.  
 
The Hinge Park wetland consists of a non-linear, meandering waterway 
designed to reduce the flow rate of outbound On-site stormwater. The 
function of the Hinge Park wetland will allow On-site soil content to 
saturate with stormwater, reinitiating groundwater percolation and 
groundwater flow in the SEFC regional water cycle. The wetlands act 
as a Passive mechanism to reduce the volatility of urban water 
flow, maintaining soil saturation and water retention during potential 
drought conditions.   
 
 
 
 
Figure 4.14 
The Hinge Park re-naturalized 
waterway/wetlands is a critical 
component to restore the natural 
function of the SEFC hydrology. Re-
developing lost habitat is an essential 
component of waterfront 
development and also serves to 
cleanse outbound water naturally 
before it is allowed to enter False 
Creek.  
Hinge Park Vegetation  
– Planting List  
(Appendix C Table # 3 pg. 3) 
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Urban contaminants and surface water effluents streaming into the 
SEFC Olympic Village from the surrounding region is diverted into the 
Hinge Park wetlands. As stormwater is directed into the wetlands 
waterway, waterborne silt and particulate debris will settle into bottom 
tiers of the wetlands. The soil and substrate content utilized in the 
wetland construction will filter and trap waterborne debris, ensuring that 
the contaminants become separated from water resources.    
 
A dedicated team of landscape architects deployed resilient aquatic plant 
species throughout the tiers of the wetlands waterway. The plant 
species were selected based on their capability to absorb 
waterborne debris, bacteria, and other sources of urban contamination 
that could result in decaying water quality.  
 
An irrigation system was installed to ensure that the naturalized waterway 
is under constant hydration. Water pumps have also been installed 
throughout the wetlands to ensure proper water circulation and water 
flow. The Active water mechanisms have been put in place as a failsafe 
to ensure that Passive water cleansing processes continue to function as 
intended. The constant movement of water in the wetlands ensures that 
the quality of water resource is maintained in its natural state of motion. 
Water flow will stop water quality degradation by preventing the 
resource from stagnant conditions.     
 
Figure 4.15 
Landscape Architecture is a
substantial contributor to the
renewal of wetlands and re-
naturalized conditions in
diminished waterways.  The
integration of Landscape and
Architecture must act
harmoniously to create a balance
for resource management.  
 
Figure 4.16 
Completed construction of the
Hinge Park wetlands shows a
naturalized condition with aquatic
plant species functioning to
filtrate and cleanse water of
sediment, contaminants and
additional stormwater materials. 
Without these naturalized
conditions, Dirty stormwater
would flush into the False Creek. 
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Sediment and effluent materials collected in the wetlands drain into a 
collecting pond at the end of the wetlands waterway. Built-up sediment is 
serviced and removed annually to ensure the continual function of the 
Passive wetlands system. The result of stormwater traversing throughout 
the wetlands is a clean water effluent which is discharged into the False 
Creek. The Hinge Park wetland successful increases the regional 
awareness of urban water resources by highlighting the natural water 
filtration processes that must occur.  
 
4.2.2 Dirty Water Management 
 
The design of streetscape and landscape elements within the Olympic 
Village were utilized as Passive water treatment mechanisms. The design 
intention was to ensure that urban debris from streetscapes and 
roadways do not contribute to the decay of urban water quality. 
Landscape strategies manage dirty urban contaminants by isolating and 
separating waterborne debris from water resources. Passive water 
filtration and treatment mechanisms function as components of a Dirty 
Water Management strategy, identifying the environmental hazards that 
result from urban intensification. The Dirty Water Management strategy 
ensures that water quality in urban areas does not degrade as a result of 
urban inhabitation.  
 
Inside the village, Streetscape Bioswales have been deployed to pre-treat 
water content before the resource is discharged into Hinge Park. 
Bioswales are filled with native vegetation to buffer the re-
naturalized habitat from urban streetscape conditions. Bioswale 
landscaped elements are filled with resilient native vegetation, rip rap 
sediment and soil content to absorb and drain surface water runoff. 
Bioswales are deployed throughout the SEFC Olympic Village to isolate 
roadway debris, trap dirty silt, and break down waterborne pollutants.  
 
 
Figure 4.17 
Each segment of roadway
within the village is lined with
Bioswale landscaping and
vegetation material where
stormwater runoff and roadway
debris drains into the Bioswales
to ensure that contaminant
debris does not enter the SEFC
(right). 
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Infiltration galleys are deployed to capture and contain surface runoff to 
prevent urban waste from entering naturalized landscape conditions. 
They are constructed from layers of gravel, sand, and other riprap in a 
cell like structure that are installed into the ground. Geotextile fabrics 
and membranes prevent the erosion of substrate materials. The 
substrate absorption process successfully traps contaminant debris 
within the galleys, ensuring that water content being diverted into the 
Hinge Park wetlands is free of urban contaminants. The landscape 
element is also utilized to mitigate surface water conditions to prevent 
urban runoff and the spread of debris.     
 
4.2.3 Clean Water Management 
 
The EIA prescribes a percentage of the total On-site area functioning as 
an overall stormwater drainage system. Over 40 percent of the Village is 
to be utilized for direct water management, utilizing established 
impervious surfaces to funnel and collect rain for the purposes of future 
reuse. Clean water management focused on the distribution and 
diversion of stormwater integrating the process as an Active component 
of building form rather than allowing water to concentrate on the site. 
Building typology is utilized to collects, direct, attract, and contain as 
much precipitation as received on site.  
 
The Olympic Village was designed with a core imperative for water 
efficiency to disallow the use of potable water for the purposes of 
landscape and onsite irrigation. The development team looked towards a 
methodology for ‘Banking’ available on-site water resources 
contributed by rainfall and stormwater collection. The captured 
water medium is stored in basement cisterns to be re-utilized for toilet 
flushing and irrigation. Rainfall is continually captured from building 
rooftops providing a 40 percent reduction in total water demand which 
is conventionally placed on the municipal utility. The pattern of cyclic 
use preserves the quality of captured water medium as the solution is not 
allowed to stagnate.  
Figure 4.18 
Roadway infiltration galleries are a
component of the impervious
design which isolates roadway 
waste at the source, and traps the
material without allowing them to
escape into the uncontaminated
groundwater flow. 
Figure 4.19 
Architecture plays a substantial role
to divert stormwater. Canopies
serve as rain diversion panels with 
dual function. This allows for
precipitation and snow to be
diverted and managed while
reducing on-site runoff from urban
structures. 
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The Olympic Village landscaping strategy utilized isolated storage 
ponds and Green roof systems to reduce above grade impervious 
surfaces allowing natural water dispersal by water evaporation and 
transpiration. The design would utilize landscape features to evaporate 
the large volume of water entering the site which provides the site with 
the capacity to manage the Villages water outflow.  
 
The Village’s urban schema packs a high volume of residential building 
typology within a small and confined area. Sufficient water management 
requires buildings to function as the natural terrain, channeling 
precipitation through collection and storage systems to slow the 
egress of stormwater. Green roofing systems were utilized in 
conjunction with substantial planting coverage to manage precipitation 
before it reaches the required impervious surfaces at grade. The plantings 
and soils filtered out unwanted contaminants to ensure that the Village 
does not contaminate outflow waters.  
 
 
 
 
 
 
 
Figure 4.21 
Architecture plays a substantial 
role to divert stormwater. 
Canopies serve as rain diversion 
panels with dual function. This 
allows for precipitation and 
snow to be diverted and 
managed while reducing on-site 
runoff from urban structures.  
Figure 4.20 
The Vancouver Olympic Village 
established a minimum Green 
Roofing system coverage of 50% 
of each building’s roof area. This 
allows the roof surface to 
function as an absorption and 
short term storage mechanism to 
reduce stormwater runoff  
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The application of above ground filtration ponds and subterranean 
cisterns were utilized to increase the capacity for on-site water storage. 
Cisterns were deployed on building roof tops and elevated Podium 
amenity areas not only as functional storage but they also served to 
cosmetically enhance interior and outdoor conditions. Water features 
and water fountains can be found flowing throughout the village, with 
constant hydraulic flow providing a means to preserve water quality 
throughout the seasons.   
 
4.2.4 Domestic Water Savings  
 
Inhabitant water consumption will be optimized at 190 litres per capita 
per day based on projected reductions from LEEDTM NC Water 
Efficiency Strategies. Interior water management will utilize dual-flush 
and low-flow toilets (3 to 6L per flush respectively), low flow water 
fixtures and faucets (5 to 7L per minute showerheads, 3 L per minute 
faucet) and water free urinals. Stormwater when passively filtered by the 
permeable roof structures of each individual SEFC building in 
combination with the reuse of recycled Greywater can reduce the overall 
inhabitant potable water consumption to less than 100 litres per capita 
per day.  
 
The total projected resource savings of the Net Zero Social Housing 
Project showed a 68 percent reduction in energy use and 40 percent 
reduction in potable water consumption when compared to conventional 
multi-storey residential typology in Vancouver.  
 
 
Figure 4.22 
The design of the Olympic
Village Parcels utilizes an
internalized and elevated podium
as an essential component of the
passive function for rain
percolation and storage. The
beauty of the design is an
environmental condition
entrenched amongst an urban
building typology, yet protected
from harmful urban
contaminants. 
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To monitor and ensure the performance of the Net Zero Social Housing 
Project, The City of Vancouver Engineers recognized the need for 
Active metering provisions to pursue water conservation in residential 
housing. Water meters will be required in all new-construction within 
Vancouver beginning in 2012. Each residential suite within the Olympic 
Village is equipped with advanced Energy-Aware monitoring software 
(Fig 4.23). The advanced monitoring system allows inhabitants to 
track the volume of water they use, providing a grounds for users to 
challenge themselves for improved water conservation.  
 
 
 
 
 
4.2.5 Innovation in Water Use 
 
The South East False Creek (SEFC) Net-Zero Social Building is the first 
zero energy multi-unit residential construction in North America. Net-
Zero terminology describes buildings that are resource independent. The 
initial construction was selected by the Canada Mortgage and Housing 
Corporation (CMHC) as an experiment to explore sustainable 
construction typology in an urban mid-rise application. The Net Zero 
Social Housing project achieved Net Zero Energy through the 
innovative use of water resources.  
 
Net Zero energy was achieved by utilizing water based transient 
solutions as a means to store captured solar energy. The innovative use 
of clean, potable water content within the building typology is an 
alternative means for building water usage other than conventional 
inhabitant water provisions. The Net Zero Energy building showcases 
potential alternatives for water storage and water management to utilize 
domestic building construction and inhabitation as a vessel for urban 
water storage.  
 
Figure 4.23 
Reliable Controls in 
conjunction with Energy 
Aware Technology Inc. has 
developed an advanced 
wireless monitoring system 
called ‘PowerTab’. PowerTab 
is deployed in each domestic 
unit within the SEFC Olympic 
Village, enabling smart 
monitoring of water resources.
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The structure is unique in its application of a capillary mat radiant 
conditioning system, utilizing clean, potable water as a thermally 
energized medium to distribute thermal conditioning in the ceilings of 
the Net Zero residential units in place of conventional HVAC systems. 
The capillary-mat consists of interconnected parallel tubules, 4 
millimeters in diameter transferring heated or cooled water into radiant 
conditioning. The system is isolated from external environmental 
conditions and developed from durable non-corrosive polypropylene 
materials. This allows the Net Zero structure to save 40 percent on 
energy consumption when compared to conventional conditioning 
systems. 
 
The Net Zero building harnesses solar energy from a roof mounted 
280m2 Solar Thermal Array. Solar energy is captured by 72 panels of 16 
independent vacuum tubes translating solar radiation into heated water 
resources. The heat transfer fluid (HTF) is pumped into the buildings 
capillary mat system to fulfill the heating and cooling demands of 
inhabitants. A secondary array of the same size is positioned on a 
neighboring structure. The Net Zero structure is one of three buildings 
within the Vancouver 2010 Olympic Village that utilizes the water based 
energy harnessing technology.  
 
 
Figure 4.24 
The capillary system can be
applied on walls, ceilings, and
even floors of the structure. In
residential applications, ceilings
serve as the most un-interrupted 
surface to provide thermal
conditioning.  
 
Figure 4.25 
The solar array can be applied
above and on top of a Green
roofing system. The array must be
unimpeded by other structures in
order to maintain an operational 
window to harness maximum
solar energy. 
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At times of peak energy recovery, the system is efficient enough to 
produce a surplus of thermal energy. Excess heat is retained within 
stored water resources and sold to the greater SEFC via an integrated 
District Energy system. HTF is distributed to other buildings via an 
extensive subterranean plumbing network. The Net Zero Social Housing 
establishes a stable and secure source of hot water and thermal 
conditioning. The energy absorption system is the first time a solar 
powered system has been utilized within North America at such 
northern latitude. It is one of the advanced Active building systems 
allowing the Net Zero Social Housing Project to achieve beyond 
LEEDTM NC Platinum certified performance. 
 
To satisfy the cooling demands of the building, architects integrated an 
innovative water condensation technology utilizing the heated water 
from the solar thermal array to fulfill thermal cooling demands. 
Absorption chillers intake inbound hot water from the roof mounted 
solar thermal array. A separate, closed-loop system of heated water 
transient receives chemical additives that change the water into brine 
mixture5 to create evaporation. The freshly evaporated water vapors are 
condensed and sprayed onto pipes that hold building circulated clean 
water. The evaporation and condensation effect cools the water in the 
pipes, allowing the cooled water content to cool the building through the 
capillary network.  
 
The development of the Vancouver Olympic Village followed a 
community scale strategy for resource distribution within the SEFC. 
Designers embraced the potential for resource conservation as an 
interconnected and correlative operation, with efficiencies in one 
resource profile positively affecting alternative resource uses. The 
application of advanced Active building systems within the Olympic 
Village has greater economic feasibility as a result of the community scale 
engagement. Although the community is heavily dependent on a 
significant number of building systems to achieve sustainable resource 
use, planners continue following the established Green Building resource 
conservation guidelines to instill conservation ethics and reduce the 
resource profile of urban inhabitants.  
 
 
 
 
 
 
 
 
 
Figure 4.26 
Capillary Mat application in the Net 
Zero Social Housing Building.  
 
Figure 4.27 
Network Energy Utility (NEU) hot
water connections are established to
connect all of the buildings in the
Olympic village, allowing the
community to function as a district
energy system 
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4.3 Drake Landing Solar Community 
 
The innovation involved in DLSC and the reason for its consideration in 
these case studies is due to the diverse strategy to utilize water as a 
medium for thermal conditioning and energy. One of the many reasons 
why water issues exist amongst residential typology is the rapid rate from 
which water is diverted from the home and into local waterways and 
municipal utilities. The strategies deployed by DLSC may provide an 
explicit means to store and utilize water for building and community 
functions beyond the basic provisioning of human consumption. The 
project elaborates on the scale and complexity to maintain a functional 
water-based thermal system and the considerations that must be made to 
apply those systems in harsh climatic conditions.  
 
4.3.1 Sustainable Domestic Water Storage 
 
Drake Landing stores a high volume of water for short and long term 
use in the community’s solar thermal system. The system consists of a 
district loop, connecting 800 garage-roof mounted solar thermal panels 
to short-term and long-term storage facilities situated within a District 
Energy Centre. Situated amongst the DLSC is a 2,500 square foot 
District Energy Centre housing two large insulated water tanks with a 
capacity of 120m3 each. The tanks store stratified water for DLSC’s 
Short-Term Thermal Storage (STTS) in addition to heat exchangers, 
pumps, tanks, and any other equipment necessary to operate the solar 
thermal system and the district loop. The system relies on a buried 
network of thermally insulated piping feeding water that is energized 
with solar heat into each and every DLSC household.  
Figure 4.28 
Aerial Perspective of the Drake
Landing Solar Community to the
Northwest. 
A continuous Solar Thermal Array
is mounted above detached rows
of garages located at the back of
each property lot. 
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Anti-freezing and corrosive additives are intermixed into the water 
medium to ensure continual use during winter months. These additives 
reduce the capabilities of water to act as a thermal medium but the 
application of conventional building systems requires the additive to 
maintain systems operation. The cleaner the quality of the water 
becomes; the greater capacity it has as a thermal storage medium. In 
regions where temperature volatility is less extreme, innovative 
applications could be utilized without anti-freezing additives allowing 
water to be used in its naturalized state6.  
 
A long term water storage strategy utilizes a Borehole Thermal Energy 
Storage (BTES) developed as a series of boreholes that allow water to 
circulate slowly throughout a subterranean network transferring captured 
solar heat into the surrounding subterranean soil. DLSC applied its 
borehole system beneath a neighbourhood park, establishing landscape 
and open community space that indirectly protects the system. The 144 
boreholes are insulated to avoid heating surface soils and reach down to 
depths of 35 metres. The BTES field covers approximately 35 square 
metres utilizing approximately 1,225m3 of soil thermal storage.  
 
The STTS and BTES systems are solutions to utilize water on-site that 
also present the possibility of expanding closed-loop water based systems 
into alternative domestic uses. Although the DLSC utilizes water purely 
for energy purposes, it may be possible to transform such a system to 
mitigate the volume of potable water consumption through Greywater 
and Blackwater renewal. Advanced solar thermal systems are capable of 
increasing water temperatures to near boiling rates, while pumps and 
water-to-water heat exchangers maintain water quality and prevent 
stagnation.  
 
 
 
 
 
 
Figure 4.30 
This image displays the
DLSC borehole installation.
The borehole area is
insulated to maintain thermal
isolation and prevent heat
loss. 
Figure 4.29 
Borehole technology reaches
down to depths of 37meters
infusing the soil with heat
captured by the solar array. 
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A subterranean installation for water storage as utilized in the Drake 
Landing BTES field effectively stores a larger volume of water on-site 
without the need for built infrastructure and thermal conditioning as 
required with storage tank and large scale collector solutions. This type 
of installation presents an opportunity to repurpose excavated 
Brownfield lands for the function of water storage based on the effective 
use of development area. Borehole technology has a capacity to store 
upwards of 3 times the volume of storage medium when compared to a 
basic cistern or storage tank7. 
 
A key design feature in the DLSC district loop is the capability to 
maintain water transient quality for extended durations and continuous 
use. The continuous movement and flow of water content ensures that 
water is contained in a natural state of movement to prevent water 
stagnation within the system. The medium is delivered throughout the 
district loop at an average rate of 9L/s from the STTS after it is received 
from the solar array at 15L/s, with flow rates reflective of the volume of 
user demand. The heat that is harvested in the district water medium is 
also another key factor to ensure the quality of the water transient. 
Increases in water temperature establish hazardous conditions where 
waterborne bacteria and other forms contamination are not allowed to 
grow. Water temperatures when heated will reach beyond 80 degrees 
Celsius by the end of summer.     
 
DLSC households utilize a separate, individual solar thermal array that is 
not connected to the DLSC district water loop as a sustainable method 
of generating hot water. The hot water system increases the efficiency 
and the rate from which hot water is provided to inhabitants, 
establishing water savings as inhabitants do not have to wait for their hot 
water provisions. To ensure that hot water resources can be accessed as 
quickly as possible, the conventional hot water tank is paired with an 
additional tank holding hot water transient. The additional tank functions 
as a heat exchanger to ensure that water provisions retain heated 
temperatures.  
 
DLSC recognizes the high water demands of Canadian residential 
households with greater than 80 percent of energy utilized for a 
combination of thermal conditioning as well as hot water heating. 
Approximately 73 percent of household water demand is hot water.8 
Establishing the groundwork to reduce the time to provide hot water 
resources will directly impact the amount of energy required to 
continuously heat water. The DLSC solar thermal system is capable of 
supplying 60 percent of the community’s hot water demand at peak 
efficiency.  
 
Figure 4.31 
Individual applications for hot water
consumption allow separated
household metering and efficiency
monitoring.  
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4.3.2 Increasing Resource Awareness 
 
One of the innovative strategies deployed by DLSC allows inhabitants 
the privilege to monitoring the community’s resource use online 
application via the DLSC website; http://www.dlsc.ca. Online access to 
the DLSC solar water loop presents daily documentation notifying 
residence of the status of the system at 40-minute intervals, presenting 
the volume of resources being consumed and the flow rates of the 
heated water transient.   
 
The monitoring system notifies community residence regarding water 
temperatures, STTS or BTES activation depending on community 
resource consumption levels.  The successful ability to translate the 
complexity of the DLSC district system into quantifiable values displayed 
online is one of the potential monitoring innovations which provide 
greater awareness for inhabitant resource consumption.  
  
Figure 4.32 
DLSC utilizes both short term
and long term storage
techniques to provide
continuous hot water and
thermal conditioning provisions
throughout the year. The
capability of the system to
provide cold and hot thermal
conditioning is vital for long
term water use as a thermal
transient. 
Figure 4.33 
DLSC district energy system 
monitoring was made possible 
by Howell-Mayhew 
Engineering Inc.  
The energy system allows water 
to reach upwards of 80 degrees 
Celsius, which is a sufficient 
temperature to avoid bacterial 
growth in the water medium.  
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Endnotes:
                                                            
1 Refer to Dockside Green Synergy Phase 1 LEEDTM Score-sheet. 
http://www.docksidegreen.com/Portals/0/pdf/sustainability/Dockside%20Green%20LEED%20Scoresheet%20-
%20Synergy.pdf 
2 An integrated resource recovery process specifies a sustainable method for refuse disposal. IRR is a fundamental 
component for Green Building construction that has utility infrastructure such as water treatment, energy generation and 
waste management  
3 Effluent Quality Requirements (Class IV):  
Suspended Solids: < 5.0mg/L BOD: < 10.0mg/L  
Coliforms: < 2.2 CFU/100mL  
Total Phosphorus: < 1.0mg/L  
Total Nitrogen: < 10.0 mg/L  
Ammonia Nitrogen: < 1.0 mg/L 
4 Refer to Appendix A. Pg.10 GE Ultrafiltration module spatial requirements  
5 Brine is a water based solution that is saturated, or nearly saturated in salt 
6 Water as a thermal transient is more energy efficient under freshwater conditions than compared to brine solutions or 
solvent solutions 
7 Borehole storage is more efficient with retaining thermal temperature than conventional tanks. It also has a much 
greater storage capacity. http://www.dlsc.ca/borehole.htm 
8 The bulk of household energy is utilized to heat water for inhabitant use. This can be substantially reduced through hot 
water use conservation and increased efficiency in hot water provisions. http://www.statcan.gc.ca/pub/11-526-
s/2010001/part-partie1-eng.htm
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Chapter FIVE: Guidelines & Standards for Net Zero Water 
 
Net Zero Water (NZW) is a prescription for total water neutrality. To 
achieve Net Zero Water, domestic building performance will require best 
performing water related hardware as a means to establish sustainable 
water use. Net Zero Water Guidelines and Standards for the Domestic 
construction will prescribe the required fixtures and appliances in order 
to improve domestic water use. Specified performance of water related 
hardware will be based on the Green Building Guidelines of LEEDTM 
and the Living Building Challenge.  
 
Net Zero Water Guidelines will require the division of Potable and 
Non-Potable quality Water resources. Potable water quality will only 
be utilized for human consumption, with alternative water uses serviced 
by non-potable quality water such as harvested Greenwater (rain) and 
recycled Greywater (post-potable use).  
 
Establishing water efficiency to achieve water conservation is a vital 
strategy to develop NZW independence in urban domestic households. 
This includes the need deploy the necessary household tools to mitigate 
water misuse, improve water savings, and the need to expand the role of 
architecture for increased water awareness.  
 
The acceptance of LEEDTM follows an Additive methodology towards 
sustainable project performance where developers are rewarded when 
milestones are achieved. In contrast, the Living Building Challenge 
prescribes a subtractive methodology, where all definitions of building 
performance are weighed upon an absolute goal for living buildings.  
 
Harnessing the positive attributes of both Green Building 
methodologies, NZW Guidelines require a ‘Subtractive from Zero’ 
performance Standard until the goal of water neutrality has been reached. 
An ‘Additive’ accreditation Guideline will accumulate water conservation 
efforts to prescribe sustainable NZW use. The Additive and Subtractive 
strategies will be deployed under a Water Use Guideline, calculating the 
adequate and necessary use of domestic water hardware to achieve water 
neutrality.   
 
Domestic water performance will be calculated through Time-of-use 
and Choice-of-use variables to achieve the Net Zero Water target for 
70 LPCD (Litres per Capita per Day) of water consumption as defined 
by globally recognized organizations prescribing sustainable levels of 
water consumption. The guideline will prescribe usage values for 
individual household water tasks based on usage percentages 
extrapolated from current day usage (City of Toronto 253 LPCD).  
Figure 5.01 
Net Zero Water must require 
cyclic water use which replicates 
the natural function of an 
ecosystem. The only way to 
establish sustainable water 
consumption in urban regions is 
to take part in the renewal 
process.  
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5.1 NZW Domestic Pre-requisites  
 
A project must not be allowed to utilize municipal provisioned 
water supply for indoor and outdoor domestic uses. The sole source 
for inhabitant water will be harnessed from the urban water cycle and the 
annual Greenwater precipitation that is provided. Precipitation 
harvesting will provide water resources for immediate and future use. 
The process places inhabitant water demand on the building and the 
immediate site, rather than depend on non-sustainable municipal water 
utilities.  
 
In cases of extreme drought where sustainable sources of water cannot 
be sourced, NZW households will retain a connection to municipal 
water utilities as an emergency safety precaution. Municipal watermain 
and sewage trunk connections are to be maintained until such time 
as governing authorities recognize the capacity of urban domestic 
building typology that functions as a water independent entity.  
 
Energy StarTM qualified fixtures and appliances are readily available to 
improve domestic water performance. Increasing the required water 
performance for domestic water hardware will force developers to 
deploy domestic household fixtures and appliances with improved water 
efficiency. NZW prescribes minimum Energy StarTM performance as 
the new Model National Water Use Baseline for domestic hardware.  
 
Any form of water contribution from human inhabitation must be 
contained and disposed of without negative environmental impact. 
Household Refuse Management is required to separate waste from 
water resources to ensure post-consumed water content does not 
become a medium for waste conveyance. NZW households are required 
to provide waste containment provisions to increase the accessibility of 
household waste management as a means to divert waste from water.  
  
Preventing dripping faucets and Water Leakage from water fixtures 
will eliminate up to 27 LPCD from Toronto’s current average 
household water consumption. Removing water leakage as a factor of 
household water consumption will provide an allowance of 11 percent 
water consumption1 to be re-distributed to other segments of household 
water demand. The installation of faucets and fixtures in all building 
typology must be regulated and certified to meet the quality of Net Zero 
Water with regards to leakage prevention2.  
 
 
 
 
 69 
 
5.2 NZW Domestic Guidelines  
 
Water fixtures and appliances are the key to inhabitant engagement in 
the domestic environment. Net Zero Water Guidelines in domestic 
construction will identify the volume of water savings that can occur as a 
result of sustainable water hardware selection. Performance 
improvements will be calculated to verify the impact of water efficient 
hardware to achieve water reduction and optimize domestic water use. 
LEEDTM prescribes the use of efficient faucets and fixtures that achieve 
15-25 percent (%) improvement in water performance from established 
baseline prescriptions. Best available Energy StarTM ultra-low flow 
products are capable of further reducing water consumption by an 
additional 30-50 percent.  
 
LEEDTM and Energy StarTM qualified domestic water products will be 
used to prescribe baseline performance to achieve 70 LPCD per NZW 
household. The optimal deployment of qualified domestic hardware will 
be deployed under categories of Potable and Non-potable water supply. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.0.7 outlines the different types of water use within domestic 
households. Out of the 9 typical tasks that are associated with domestic 
inhabitation, only 4 types of water demand are required for inhabitant 
intake. Of these 4 types, Facial Cleaning, Teeth Brushing, Food Preparation and 
Water consumption require Potable water quality from 2 household 
locations, the Lavatories and the Kitchen.  
 
The remaining types of water demand to achieve household related tasks 
do not require water of sufficient quality to meet potable levels. These 
tasks, Showering, Bathing, Toilet use, Dishwashing and Clothes washing can 
be satisfied with Non-Potable water resources.  
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5.2.1 Non-Potable Water provisions 
 
The most significant savings for household water conservation can be 
found in the lavatory/washroom. The plumbing item that can achieve 
the most substantial savings in NZW conservation efforts belongs to the 
selection of High Efficiency Toilets (HET). NZW households will 
require the use of Dual-Flush technology integrated in HET’s for 
maximum water savings. Ultra Low Flush HET with dual flush 
technology can achieve 4.8L per flush for waste solids, and 3.0L for 
wastewater3.  
 
NZW Ultra Low Flush HET with Dual Flush technology achieves a 
conservation volume of 3.0 Litres Per Flush (LPF) savings when 
compared to minimum Energy StarTM hardware (6.0L/50% savings) and 
an overall savings of 13.5LPF (16.5L/82% savings) over an outdated 
inefficient toilet. The deployment of HET’s in NZW households will 
follow established municipal standards for 1.15 (average) toilets per unit 
within multi-unit residential construction in the City of Toronto4.  
 
NZW construction requires the use of non-potable water for the 
purposes of toilet waste conveyance. Non-potable water demand will be 
sourced from sustainable water harvesting and potable water renewal in 
the form of Greywater. The key consideration is the fact that households 
do not require potable quality water for waste conveyance.  
 
Issues that compromise the promised efficiency of HET’s originate from 
drainage systems for waste conveyance. NZW households will utilize a 
dedicated Blackwater drainage for waste and waste conveyance. 
This dedicated plumbing network will mitigate the drainage backups and 
pressure loss that occurs in newly constructed urban development5. 
Those issues can render the single flush function of toilets ineffective, 
leading to multi-flush conditions that wastes more water (Chap. 2 Fig. 
2.1.3 Pg. 26).  
 
In the most ideal situation, water should not be utilized as a 
solvent/medium for waste conveyance. Urinals applicable in amenity 
areas have reached a technological state where water is not 
required for wastewater flushing. NZW will require 0 LPF urinals 
in amenity areas such as available gymnasiums and gaming rooms 
in sustainable mid-rise residential construction.  
 
 
 
 
Figure 5.02 
Dual Flush technology utilizes a
dedicated amount of water for
wastewater flushing such as urine.
A larger dedicated amount of water
is utilized to flush feces/human
waste.  Clear indication of Dual
Flush technology is needed to
advice inhabitants to utilize the
correct flush selection for toilet
related conveyance. 
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Figure 5.03                                                                                         Scale 1:50 
 
HET toilets will be installed with independent displays separating the 
function of single flush and dual flush operation. The separation of the 
two functions ensures that there is no confusion between single and 
double flush operation. HET’s will source Non-Potable Greywater from 
a Non-Potable water quality plumbing source in the household 
lavatory/wash closet/washroom.  
 
Toilets will only be utilized for human waste conveyance. Inhabitants 
will not utilize the toilet for any other source of waste disposal besides 
affiliated toiletries (Toilet Paper). Toilet Blackwater drainage requires a 
dedicated plumbing network with proper ventilation to ensure that no 
backflow and pressure issues occur.  
 
Caroma is the Toilet manufacturer that has been utilized by LEEDTM 
projects as seen in Dockside Green Development.  
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                                                               Figure 5.04                                                                                          Scale 1:50 
 
The second highest water consumption recorded within multi-residential 
building typology is attributed from the use of Washing 
Machine/clothes washers. NZW building typology will equip clothes 
washing appliances utilizing only non-potable water with a minimum 
High Efficiency rating of Tier 3. Tier 3 is prescribed by the Consortium 
for Energy Efficiency (CEE) designating a Water Factor6 (WF) of 4.0 
and less. Current Energy StarTM qualified clothes washing appliances 
utilized by LEEDTM achieve a WF7 of 6.0 with an established minimum 
federal standard at 9.5. 
 
Best performing washing machines achieve a 2.8 WF at a volumetric 
capacity of 4.4ft3. Typical multi-unit Washer-Dryer combination units 
have a lower capacity between 2.5-3.5ft3 (Dim: 24x30”avg.) which forces 
inhabitants to run a greater number of washing cycles. NZW multi-unit 
residential typology will require increased spatial demands for higher 
capacity washing machines (Dim: 30x30”avg.) that achieve 2.8 WF.  
 
Greywater by-product as a result of washing machine use will be drained 
and collected for water quality renewal and future reuse8.  
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Figure 5.05                                                                                          Scale 1:50 
 
NZW Shower heads will only utilize non-potable quality water. Water 
conservation for bathing and body hygiene will deploy Ultra Low-Flow 
Shower heads that reduce water flow rates to 1.9L per minute 
without pressure or performance loss. Ultra Low-Flow Shower heads 
yield a net water savings of 7.6LPM/80% when compared to the 
established LEED baseline showerheads (9.5LPM).  
 
Shower stalls will be designed to preserve in-shower temperatures as to 
avoid occurrences of thermal discomfort. This will allow water 
conservation during a shower by allowing residents to shut off the water 
supply temporarily without feeling the thermal impact of water loss. The 
strategy for water conservation in the shower stall is to halt water flow 
when it is not required.  
 
Low-Flow shower heads have been designed with a shut-off 
button/valve to temporarily halt the flow of water while an inhabitant 
applies cleaning solutions. Release of the button/valve will resume the 
prior rate of thermally conditioned water flow while maintaining 
specified temperatures.   
Figure 5.06  
Appropriate ‘Green’ plumbing 
fixtures allow for water 
conservation without significant 
disruption for the task 
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Dishwashing machines are a critical appliance to deploy water use 
reduction within the household. High Efficiency Dishwashing Machines 
have been proven to be more efficient in energy, water, disinfection, and 
cleaning than traditional hand washing9. Current Energy StarTM 
minimum prescription identifies dishwashing machines to achieve 13L of 
water consumption per cycle for compact sized units10 applied in multi-
unit construction.  
 
NZW will utilize best available High Efficiency Dishwashers that 
perform to effectively reduce Non-Potable water consumption and water 
savings to 5.9L per wash cycle11. The key to cleaning adequately is not 
to utilize water as the cleaning medium but the adequate and effective 
deployment of sustainable solvents. Dishwashing machines are more 
effective than inhabitant engagement to maintain the cleanliness and 
sanitation of cutlery and cookware.  
 
Non-potable quality water will be provided in NZW households as a 
medium for inhabitants to bathe. Bath tub sizes in multi-unit domestic 
construction are deployed in compact sizes, thereby reducing the total 
volume of water required to fulfill a bath12. The total volume of water 
required to fill a full bathtub can reach upwards of 90-120 litres per bath. 
Due to the large volume of water required to run a bath, NZW will 
prescribe that baths be filled at half capacity as a means to reduce the 
volume of water demand per bath.  
 
5.2.2 Potable Water provisions 
 
Potable water demand in NZW residential construction will require 
water quality equal or greater than the water quality provided by the 
municipal water utility. NZW potable water demand must not be 
sourced from municipal water utilities in recognition of Toronto’s 
existing infrastructure and water quality issues13. The alternative source 
of Clean water content is harvested from precipitation and stormwater 
that is treated to potable levels of water quality from building water 
treatment systems. There will be two sole potable water sources within 
NZW residential units, the first being the Kitchen Faucet followed by a 
Lavatory/Washroom Faucet.  
 
Conventional household sinks and water basins are designed to feed, 
hold, and release inhabitant water at rapid speeds. The diverse number of 
inhabitant water engagement utilizes varying quantities of water to 
achieve different potable or non-potable water tasks. Optimizing water 
use would allow inhabitants to utilize specific quantities of water at faster 
or slower rates of water demand, based on the task.  
 
Figure 5.07  
This figure is an example of a 
sink/basin design that separates 
the action of water feed and water 
drainage. The increased user 
engagement provides optimal 
control of required water 
resources
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Figure 5.08                       Scale 1:50 
 
NZW households will provide Potable and Non-Potable water 
provisions at kitchen sinks. Potable hot water is provided by an on-
demand hot water heater that instantaneously heats water resources. The 
placement of the hot water heater is intended to avoid the waiting 
conditions of conventional hot water provisions where inhabitants must 
wait for hot water to arrive into the household after opening their faucet. 
This is a response to the E.P.A. prescription for inhabitants to turn on 
their faucets to activate hot water feed and moderate the temperature of 
the feed once hot water has arrived. When hot water is generated in 
boiler rooms away from washrooms, kitchens, and household locations 
for hot water demand, inhabitants waste the existing volume of potable 
non-thermally conditioned water that occupies the feed plumbing.      
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                                                               Figure 5.09                                                                                        Scale 1:50 
Lavatory faucets will utilize Ultra Low-Flow technology to perform 
at 1.9L/min flow. The main function of the lavatory faucet is to 
provide for inhabitant hygiene and a source of water for household 
sanitation. The World Health Organization establishes a minimum 
requirement of 7.5 LPCD14 for a person to preserve their personal 
hygiene.  
 
To optimize the use of water in the NZW household, hygiene is 
enforced domestic additives such as soap and cleansers to fulfill cleaning 
requirements. Non-potable water provisions will still be required, but the 
emphasis for hygiene and sanitation products is placed on LEEDTM 
Green Seal solutions rather than the use of water resources.  
 
Sink basins should be designed to increase the Time-of-use of water 
resources. Lavatory faucets should be aligned with basin/sink water 
drains to increase the duration of water exposure and inhabitant water 
contact before the water is drained away.  
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5.3 NZW Domestic Standards 
 
The following standards are intended to control the use of Potable and 
Non-Potable water in domestic households. All of the listed standards 
respond to the listed types of household water demand prescribed on 
Table 5.0.1. The standards have been developed to ensure the 
appropriate quality of water is utilized for the necessary household task. 
 
LEEDTM Green Housekeeping Innovation Credit emphasizes the use of 
environmentally safe cleaning products and practices. The Credit is 
awarded when building managers prescribe a sustainable management 
policy within a development.  NZW will rely on the guidelines prescribed 
by LEEDTM Green Housekeeping Innovation Credit15 as it has defined 
the appropriate Green Seal standard products for building 
maintenance16.  
 
Product standards specify chemical compositions that are biodegradable, 
do not off-gas, do not require dilution and retain recyclable packaging. 
The materials have been tested through alternative authorities such as 
the American Society for Testing and Materials (ASTM). The purpose of 
the Green Housekeeping Guideline is to provide available Green 
resources to domestic building management such that NZW households 
can be managed by inhabitants sustainably. NZW will utilize LEEDTM 
Green Housekeeping Guidelines to effectively address domestic 
cleaning solutions.  
 
The sanitation and servicing of NZW households will be required to 
utilize Non-Potable water provisions and Green Seal standard GS-37 
cleaning solutions. 
 
NZW Clothes Washing Machines will only utilize Non-Potable water 
resources and Green Seal standard GS-41, GS-21 cleaning solutions. 
 
NZW Dishwashers will only utilize Non-Potable water sources and 
Green Seal standard GS-41, GS-08 cleaning solutions. 
 
NZW will provide Potable and Non-Potable water feed to kitchen sinks 
and washroom/lavatory basins.  
 
NZW requires on-demand hot water heating as an effective means to 
mitigate water waste as a result of hot water provisions.  
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The transition of Potable water into Greywater takes place after 
domestic use. To ensure that the resource can be renewed and reused for 
alternative household tasks that do not require the potable quality water 
(ie: showers, toilet flushing), waterborne debris and household waste 
must be removed from the water medium.  
 
NZW households require Greywater filtration to isolate waste 
solids and non-reusable particles from kitchen and washroom 
sinks/basins to ensure the water medium can be reused after the initial 
application (Figure 5.09). Simple filtration systems such as sand and 
granular membranes will be acclimated in every household to capture 
waste solids, prevent bacterial growth and isolate unwanted waste odours 
(Fig. 5.11). 
 
Remnant materials captured by Greywater filtration units will be subject 
to short term storage until municipal disposal or on-site waste treatment. 
The goal is to remove as much human content from the water medium 
as possible to reduce the rate of water quality decay. Solid material will 
be disposed under the NZW waste management strategy for sustainable 
waste conveyance without the use of water as a conveyance medium. 
 
 
 
 
Figure 5.11     
The diagram above is an example 
of a simplified Greywater filtration
system. Water travels down a series
of screens and granular material via
gravity. Various sands and abrasive
calibre screens isolate waterborne
waste. The resulting water medium
after travelling through the ‘filter’ is
treated water near Greenwater
standard. 
Figure 5.10 
Greywater filtration post-
inhabitation consumption ensures
that inhabitant waterborne waste
material does not get dumped into
the water drain. Water drainage is
not a source/output location for
waste conveyance. There must be
division between waste and water
in order to reduce Greywater
treatment demands.  
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5.4 Net Zero Water Performance Guideline 
 
Conservation efforts to halt the way urban inhabitants overwhelm the 
urban environment through Water Misuse and Overconsumption must 
be a key focus for NZW guidelines. The capability to develop 
sustainability in urban waters diminishes when water consumption 
escalates beyond a manageable tolerance. Net Zero Water will establish a 
target for 70 LPCD (Litres per Capita per Day) of water consumption as 
defined by globally recognized organizations prescribing sustainable 
levels of water consumption. The guideline will prescribe usage values 
for individual household water tasks based on usage percentages 
extrapolated from current day usage.  
 
Indoor Water Use Breakdown
Average Canadian Inhabitant Water DCPL842egasu
DCPLtnecrePDCPLtnecreP
Toilet 28% 69.44 Leaks 11% 27.28
Clothes Washer 22% 54.56 Baths 3% 7.44
Shower 19% 47.12 Dishwasher 2% 4.96
Faucet 15% 37.20
Reference: Ci ty of Toronto Wet Wea ther Flow Mas ter Plan
Table 5.08 
Refer to Table 3.0.6 Pg. 41 
There is presently no established authority to regulate and govern 
household water use. NZW Guidelines will follow the prescription of 
global water authorities to prescribe ‘appropriate’ levels of water 
consumption to achieve 70 LPCD inhabitant use based on reasonable 
and logical assumptions. Performance targets must be established to 
specify the appropriate volume of water required each domestic task. For 
example:  
 
An inhabitant is not informed as to what is adequate Time-of-User for facial hygiene. 
A 30 minute session of facial washing with faucets wide open would utilize 249 litres 
of water based on current Toronto Water Efficiency baseline standards of 8.3LPM17.  
 
249 litres of water utilized for facial hygiene as described in the example 
is a flagrant volume of water utilized for the specified domestic task. 
Without an adequate Guideline to suggest an ideal amount to water use, 
residents may not have the common sense for water conservation.   
 
NZW will utilize Time-of-Use exposure to give greater awareness and 
inform inhabitants towards the appropriate volume of water required for 
adequate household tasks. Water use based on fixed rate water flow will 
be calculated in volume as a subject of the Time-of-Use. The greater 
the duration/Time of water flow; the larger the volume of water 
used.  
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Figure 5.12 
Average daily water demand per 
capita in urban metropolitan 
Canada. Each cell represents one 
litre of water medium. Canadians 
use a total of 248 Litres of fresh, 
potable water per day. 
Canada-Toronto inhabitants use 
enough water to support the 
minimum necessary requirements 
to sustain the lives of 67 people 
per day 
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5.4.1 Time of Use Exposure 
 
To appropriately deploy water conservation in domestic households to 
achieve 70 LPCD, NZW Guidelines will prescribe water use and usage 
values based on Time-of-Use consideration from best performing 1.9 
LPM kitchen and lavatory faucets.  
 
Environment Canada establishes a Potable Water baseline of 10 LPCD 
utilized for Food Preparation excluding the volume of water required 
for food growth. Fulfilling that daily Time-of-Use target will require best 
available water conservation products with 1.9L/min Ultra Low-Flow 
Kitchen Faucets at a total daily duration of 5 minutes of water flow.  
 
Potable Water Consumption as a basic requirement for human 
inhabitation recommends 8 glasses of water per day at 3.7 LPCD 
with a Time-of-Use water demand at 2 minutes of water flow.  
 
NZW will require a limited use of 4.3 LPCD of Potable water for 
personal and domestic hygiene18 at 2.2 minutes Time-of-Use. 
Although the 2.2 minute restriction may appear to be significantly less 
when compared to alternative segments of water-use, hygiene Time-of-
use should not have any correlation with the volume of water 
consumption. Of the 8 Litres of potable water resources required per 
day, water demand is split into Oral Hygiene, Facial Hygiene, Hand 
washing and grooming.  
 
 
An inhabitant only requires a single cup of water (8 oz. - 0.25 Litres) to 
provide a sufficient water solution for Dental/Oral Hygiene at a 
prescription for a minimum 2 times per day (0.50L per day)19 with a 
Time-of-Use potable water demand at 15 seconds.  
 
Facial Cleansing requires the full-hydration of a wash cloth and/or a cup 
(8 oz. - 0.25 Litres) of Potable water at a prescription for 2 times per day 
(0.50L per day) with a Time-of-Use potable water demand at 15 seconds. 
 
Hand washing requires 2.24 Litres of water per day to effectively utilize 
Green Seal Soaps and cleaning solutions. Potable water use prescription 
for 8 times a day with a Time-of-Use demand at 15 seconds per wash.  
 
Grooming (Shaving) shall be integrated as a component of Facial 
Cleansing as a means of non-potable water re-use. Men’s and Women’s 
grooming will add an additional daily water requirement of 0.5 LPCD 
with an additional Time-of-Use Non-potable water demand at 25 
seconds.  
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Time-of-use will be prescribed based on the assumption that each 
domestic inhabitant partakes in 1 Shower per day to maintain personal 
hygiene. The average Canadian inhabitant has a regular shower duration 
of 5-10 minutes. Based on the calculated effort to achieve 70 LPCD, 
NZW Guidelines will prescribe a maximum Time-of-use shower 
duration of 10 minutes. The resulting 19 LPCD average reflects 19% 
of the 70 LPCD profile based on Toronto’s Indoor water use 
breakdown20.  
Figure 5.13
The water volumes displayed in Blue, showcase the total amount of water
needed for individual tasks. Each individual Box or Cell represents 1 litre of
water. These volumes are a result of projected ‘adequate’ Time-of-Use
prescriptions.
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5.4.2 Choice of Use Exposure 
 
Choice-of-Use exposure focuses upon educating inhabitants to choose 
the appropriate number of household tasks that should be performed on 
an annual basis to support domestic living in conjunction to achieving 
the 70 LPCD sustainable water use goal.  
 
Documented water usages in Toronto’s multi-unit residential building 
typology witnesses an average number of 7 toilet flushes per capita per 
day per unit. In contrast to multi-unit inhabitants, the average single-
family Toronto households utilize 5 toilet flushes per capita per day21. 
Increased water usage in MURB typology can be attributed to ineffective 
toilet function due to toilet misuse and drainage backup.  
 
Eliminating drainage issues can optimize toilet usage in multi-unit 
residential inhabitation. NZW prescribes the separation of Toilet events 
into 4 daily occurrences of wastewater disposal and 1 event of waste 
solid removal utilizing Non-Potable water supply. The usage 
assumption of Ultra Low HET dual flush toilet use results in NPW toilet 
outflow equating to 15 LPCD (3.0LPF Avg.).22  
 
Sustainable water use for Clothes Washing will depend on high 
efficiency full sized clothing machines with high load capacity. Increased 
washing capacity will accommodate 3 washing loads per every 2 week 
based on City of Toronto average multi-unit residential occupancy of 2.5 
peoples per unit23. Prescribing clothes washing use as a component of 70 
LPCD equates to an average daily Non-Potable water consumption of 
13.3 LPCD24. 
 
Water efficient Dishwashers have a fixed volume of water use per cycle. 
To establish sustainable dishwashing use as a component of the 70 
LPCD sustainable water profile, annual dishwasher usage will drop from 
the current average of 142 cycles per annum, to 86 cycles. The limited 
number of cycles equates to 2 cycles per week, at maximum load 
capacity25. The resulting 1.4 LPCD average reflects 2% of the 70 LPCD 
profile based on Toronto’s Indoor water use breakdown.  
 
1.2 LPCD of Non-Potable water demand is allocated for Household 
Sanitation Use in combination with LEEDTM Green Seal certified 
domestic cleaning products. The allotted Non-Potable water demand 
equates to a full bucket (8 litres) per week. If NZW inhabitants 
choose to utilize Green Seal products outside of the provisions of the 
building management following the LEEDTM Green Housekeeping 
Guidelines, water-free Green Seal products should be selected that do 
not require dilution with non-potable water resources.  
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The average Canadian bathes 46 times a year at approximately 60L per 
bath.  NZW water conservation will require a target reduction to 13 
baths per year reflecting 3% of the 70 LPCD profile on Toronto’s 
Indoor water use breakdown. The prescribed 2.1 LPCD Non-Potable 
water demand limit reduces the number of full baths per inhabitant to 1 
event per month. For residents that prefer to bathe, the number of times 
they bathe can increase upwards to 26 baths per year by utilizing ½ 
the capacity of water volume. For inhabitants who require adequate 
water temperatures while running baths, this thesis will prescribe 
temperature adjustment without water outflow26 through the 
implementation of bath tubs fitted with radiant conditioning.  
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 5.14 
Bathtub indicator for temperature
and water level. The indicator
creates a noise when the preferred
settings have been established. 
Figure 5.15
This diagram compares and contrasts the total volume of Potable and Non-
Potable water consumption under the NZW projection for ‘adequate’
sustainable water use. Each unit or cell represents 1 litre of water. Blue is the
diagrammatic representation Potable water consumption. Grey are additional
elements of domestic life that can be serviced by Non-Potable demand.
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Table 5.09
This table provides a day-by-day breakdown of household
potable and non-potable water use, utilizing best
performing water hardware.  
Special emphasis is given to the number of times a
household task is repeated each and every day. Water
provisions are based on optimal water use to achieve 70
LPCD. Values specified for each individual household task
have been extrapolated from existing urban water use
practices in the City of Toronto, Refer to Chap.3
Section.3.3 Table 3.06. Refer to Chap.3 Section.3.1.2 Table
3.04 for indoor water use estimates developed by LEEDTM 
The Time-of-Use and water use based on hardware Flow-
Rates will result in an end volume of water that will
accumulate to 70 LPCD.  
Refer to Figure 5.13 Pg.088 for diagrammatic
representation.  
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5.5 Monitoring and Education  
 
NZW domestic households will prescribe an Education and Awareness 
campaign based on Monitoring water use. The capability of modern 
inhabitants to learn and adapt to their urban environment is increasing 
with the growth of urban intensification. New multi-unit tenants are 
more susceptible to embrace improved technologies that can achieve 
resource savings and conservation. Monitoring and metering will present 
inhabitants with the economic consequences of water use and water 
misuse, with the intention to encourage inhabitants to self-regulate their 
water consumption. 
 
Water savings must be promoted to increase user awareness in the 
household locations where water is utilized the most. Kitchens, 
Lavatory/Washrooms, and Bathrooms will contain the bulk of water 
monitoring and conservation provisions. Educational services will be 
provided in the form of pamphlets, digital displays, or potentially 
interactive programs that prescribe adequate water consumption as 
components of Time-of-Use and Choice-of-Use.  
 
 
 
 
 
Establishing greater Water Savings will require simplified terminology to 
increase Water Value. Rebranding water use by utilizing architecture as a 
means to market water sustainability will emphasize Cost Savings and 
Economic ($) benefits of sustainable water use. Breaking down the 
definition of Litres per Capita per Day (LPCD) into simplified and 
already valued currency will bridge the existent gap between water value 
and water use.  
 
 
 
Figure 5.16 
Recognized hand hygiene does 
not utilize an immense volume 
of water. Time-of-Use 
consideration will only incur 10-
30 seconds of direct water flow. 
Providing this education will 
outline adequate water use in 
households to optimize and 
minimize waste.   
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Appealing to the economic values of inhabitants is a process that has 
been utilized to great extents. One comparable example of technological 
engagement follows the advancement and evolution of the Vehicle 
environment. New vehicles expose the volume of fuel that is used to 
travel, and as a result, initiates a driver’s subliminal effort to conserve 
and save their fuel27. NZW tenants are also capable of utilizing the same 
intuitive skill set to improve their water conservation in the household.  
 
The continual theme of architectural engagement for water conservation 
is to allow inhabitants to visualize the use of water. There are many 
alternatives available in the construction market today that function for 
water savings. Metered Valve faucets deliver a fixed 0.25 gallons of water 
before automatic shut off and self-closing faucets that function from a 
spring operated mechanisms that shut off after several seconds28.  
Infrared sensors that turn on and off automatically from hand sensing is 
a commonly utilized commercial application that can be transferred into 
residential households. The development of these tools is irrelevant if 
they do not induce the user to change the attitude of their use.   
 
 
NZW faucets will activate for a specific time with relation to a pre-set 
flow rate until the specified volume of water demand is achieved for that 
task. Time-of-Use notification will be announced via a noise indication 
or by the visual display. The data presented by NZW hardware must be 
designed to make the most substantial impact for water savings. This 
reverts back to the economic argument and the linear relationships for 
resource demand. Increasing water savings is fundamental to saving 
money, and in turn, improving the environment.  
 
 
Figure 5.17    
Water represented as Money. The
linear relationship will be
fundamental to convey the idea of
water conservation by exposing
water savings through economic
means. This will increase the impact
awareness of domestic water use. 
Figure 5.18 
The iHouse faucet has integrated
LED technology that identifies the
temperature of the water that flows
out of the faucet, thereby
optimizing water demand.  
 
 89 
 
NZW will require an Active Time-of-Use monitoring system to 
display and record the function of household water provision and to 
document the total volume of water demand from the factor of Time-of-
Use. The display and recording of time is intended to simplify residential 
engagement by informing residents to conserve the Time from which 
they use water resources. A simple application of a timer or clock 
adjacent to a faucet or fixture can initiate exposure to the duration of 
water demand. NZW building typology shall incorporate simple Time-
of-Use exposure into the function of household water provisioning.  
 
Enhancing water-use exposure within the household may utilize 
marketing material and in-home techniques to remind residents to reflect 
upon their water-use (Fig. 5.13 Pg. 88). Monitoring devices that show the 
volume of potable and non-potable use as a comparative display can also 
assist in highlighting the divisions of water quality within domestic use, 
allowing inhabitants to recognize exactly how much is needed as a 
necessity compared to water use for leisure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Engaging residents by allowing them to monitor the volume of water 
and the rate of water flow represented in economic terms is a key 
strategy for resource savings. This exposes the linear relationship 
between resource savings and cost savings, a process that will reduce the 
standard of NPW living and in turn, motivate further conservation. Use 
less water, pay less for resources. By displaying the amount of water 
utilized as money, simple and interactive hardware at key household 
locations will challenge inhabitants to utilize fewer resources. The 
continual documentation of water use in monthly, weekly, or even daily 
values will be juxtaposed with the water performance recorded from the 
past, a reflective means to encourage inhabitants to improve on prior 
conservation engagement.  
Figure 5.20 
‘Refresh-N-Remind’ Shower
Monitor concept displays the time
and volume of water demand during
use. The visual indication displays
‘Time-of-Use’ and ‘Volume of Use’
expanding on a direct relation
between the two variables. 
Figure 5.19 
Simple Time-of-Use displays can
inform as to how much water is
utilized. Time-of-Use indication
measured against the adequate
Potable and  Non-Potable water use
values will inform towards optimal
water demand. 
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Table 5.010 
The NZW checklist ensures that all the hardware,
education for hardware use, and necessary water use
guidelines are put in place to allow inhabitants to
conserve their water use.  
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Figure 5.21  
The following diagram expands on the regenerative cycle
designed to establish Net Zero Water sustainable use. The
management strategy to separate Potable and Non-Potable 
water serves as a fundamental shift in plumbing design,
requiring buildings to address water based on household water 
sources, water quality, and household tasks.  
Domestic use is dependent on the NPW building water cycle to 
treat on-site water demand. The output of the NZW 
consumption is Greywater and Blackwater, two levels of water 
quality that require active or passive treatment. Greywater 
medium is capable of being recycled after it is filtrated, where
as Blackwater water quality can only be reused after it is treated, 
tested, and inspected to verify the removal of waste content.   
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Endnotes: 
                                                            
1Refer to Table 4.06. Pg. 53
2 Plumbing installation certification. Waterfront Toronto Minimum Green Building Requirement.  
3 Refer to Appendix E Section One. No. 16 Calculation. Best available Energy StarTM HET toilet performance 
4 Number of people per residential lavatory/bathroom is calculated at 1.15 per unit. City of Toronto Water Facts. 
http://www.toronto.ca/watereff/pdf/appa.pdf
5Drainage piping is blocked and backed-up as a result of poor inhabitant misuse. It is a common occurrence in multi-unit 
construction and extensive cost is incurred to clean the drainage systems out  
6 Water Factor is a measurement of water efficiency that is calculated as a ratio of water demand (gallons) per cubic foot 
of capacity. The lower the value, the better the water savings 
7 i.e. If a clothes washer uses 30 gallons of water per washing cycle and it has a capacity of 3.0 cubic feet, the Water 
Factor of the appliance is 10.0 
8 Appendix A. Pg. 4. Frigidaire Ultra High Efficiency Washing Machine – 2.8 WF 
9 Energy StarTM Dishwashers have been proven to function with greater efficiency than hand washing dishes 
10 A compact sized dishwasher typically utilized for smaller multi-unit residential units is designed with a capacity for less 
than 8 place settings + six serving pieces 
11 Refer to Appendix E Section One Calculation No.17  
12 http://www.allianceforwaterefficiency.org/Residential_Shower_Introduction.aspx 
13 Refer to Ecological Water Flow in The living Building Challenge User Guidelines Section 6 
14 The World Health Organization estimates are based on lactating women who engage in moderate physical activity in 
above-average temperatures. They require a minimum of 7.5 LPCD for personal 
15 LEEDTM Credit IDc1 http://www.leeduser.com/credit/CI-2009/IDc1 
16 http://www.greenseal.org/ 
17The current established and recognized baseline for faucet fixtures is a flow rate measured at 8.3 litres per minute
18 Refer to Table 6.0.3 Pg.103-04 for Sustainable Water use breakdown 
19 Ontario Dental Association O.D.A. recommends a minimum for brushing teeth minimum twice a day 
20 Refer to Table 4.06. Pg. 53 
21 Refer to Appendix D Pg. 2 No. 4 Average Number of Toilet Flushes in Multi-Unit Residential Construction  
22 Refer to Appendix E Section One Calculation No. 16 Best available Energy StarTM HET toilet performance
23 2.5 people per unit per multi-unit average inhabitant occupancy. City of Toronto Water Facts. 
24 Refer to Appendix E Section One Calculation No. 17 Best available Energy StarTM performance Washing Machine 
25 Refer to Appendix E Section One Calculation  No. 18 Best available Energy StarTM Dishwashing Machines 
26 The most efficient method to fill a bath tub is to plug the bath tub drain before the faucet is activated. The system 
should run until receiving hot water, at which time the user can adjust the temperature with cold water. E.P.A.
27 Automotive Manufacturers (i.e. BMW, Mercedes Benz, Audi) teach their customers how to operate drivers aids and 
automotive systems before car ownership is transferred.
28 Smart faucets utilized in commercial buildings utilize infrared light to sense whether or not a user requires water 
 
 95  
 
Chapter SIX - Net Positive Water Guidelines & Standards 
  
Net Positive Water (NPW) Guidelines and Standards prescribe the 
means to develop domestic architecture to generate positive water 
quality. Projects establishing NPW performance will be required to 
induce a cycle of water reuse by activating architecture and the site 
landscape as mechanisms for water renewal. The NPW cycle manages 
water under 4 categories of quality; Greenwater, Bluewater, Greywater, 
and Blackwater. The 4 categories of water fall under Clean and Dirty 
Water management to optimize the NPW cycle for water renewal. NPW 
will integrate NZW sustainable inhabitant use where 70 LPCD Potable 
and Non-potable demand are integrated into the NPW cycle.   
 
NPW water resources will be divided into measures of quality identified 
by Greenwater, Bluewater, Greywater, and Blackwater. Greenwater 
classification is derived from agricultural terminology that prescribes 
atmospheric precipitation and ground evaporation. Bluewater is the 
outcome of the natural water cycle that originates from groundwater 
flow and into surface freshwater bodies such as Lake Ontario1. 
Greywater in the context of the construction industry is a classification 
for wastewater generated from domestic activities such as laundry, 
bathing, and post household consumption which is capable of being 
recycled. Blackwater is water conveyance utilized for human waste.  
 
 
 
 
 
 
 
 
 
 
Table 6.0.1 
Water quality classification is intended to prescribe the management strategy to
address water at varying quality conditions. Greywater and Blackwater quality
conditions are capable of overwhelming the urban water cycle and require a 
dedicated treatment strategy to restore water quality.  
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Clean Water management is prescribed for Greenwater precipitation and 
Bluewater in associative waterways and water bodies utilized in the 
project. Dirty Water management is prescribed for Greywater and 
Blackwater quality as a result of domestic inhabitation in the urban 
realm.  
 
NPW On-site and Building prerequisites must be achieved to adequately 
assess the state of urban water resources and the capability of a project 
site to sustainably manage those resources. Prerequisites must define the 
site conditions and the environmental parameters of a NPW project to 
prescribe Clean and Dirty Water management boundaries. On-site 
prerequisites are intended to remove existing issues or threats that may 
hinder the restoration of the urban water cycle and the generation of 
positive water quality. Building prerequisites have been established to 
ensure the sustainability of domestic construction such that the building 
does not contribute negatively to water quality. 
 
On-site and Building Guidelines prescribe strategies to achieve water 
harvesting and water storage under Clean and Dirty Water management.  
The Guidelines will prescribe the use of landscape and building systems 
to achieve water harvesting with the selection of sustainable materials 
and techniques to maintain water quality as the medium drains 
throughout the NPW cycle. NPW Guidelines showcase the use of 
Passive environmental features to implement water harvesting and water 
banking. NPW Guidelines will also showcase the active treatment 
mechanisms to available to separate waste and contaminant materials 
from the water medium. 
  
On-site and Building Standards establish the minimum performance 
requirements of a NPW project. NPW performance Standards require 
Guideline strategies to achieve positive water quality based on the 
environmental and site variables identified through NPW prerequisites.   
Established standards dictate the capability for a NPW project to harvest 
sufficient water resources. Water storage standards must support annual 
NZW inhabitant demand. Water quality and treatment standards must be 
defined to negate the negative effect of urban building development and 
residential water consumption. NPW standards ensure that water 
resource strategies are optimized under the 4-designated water quality 
categories such that positive water quality can result from Clean and 
Dirty water management.      
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6.1.0 NPW On-site Pre-requisites 
 
An in-depth Environmental Assessment (EA) process must be taken 
to analyze the environmental variables of a project site. NPW 
development will be required to restore the natural site conditions that 
once existed as a means to replace the lost habitat as a result of building 
construction. Hydrological performance must be reinitiated to 
reintegrate the project as a component of the regional water cycle. The 
EA process will also identify the Available Water Resources (per m2 of 
total site area) that can be harvested by the NPW project.  
 
NPW Stormwater Management must manage the total volume of 
water during a major weather event. On-site water strategies must be 
designed to accommodate for 100-year precipitation levels while 
protecting the medium from urban contaminants2 in waterfront regions. 
NPW building typology must manage surface waters and ensure that 
surface runoff is not allowed to flow into local waterways.  
 
NPW development on a non-polluted urban site will restore 
precipitation infiltration to surface landscapes and soil percolation into 
groundwater flow as a functioning component of the urban water cycle.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.01 
When a building is put in place of permeable land, the ground is removed from
the natural water cycle. Water is removed from the soil to ensure the
foundation of the structure is stable, but once this has been achieved,
surrounding landscape conditions can still be hydrated and function as nature
intended.  
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A NPW project site will not be subject to Brownfield Contamination, 
where all sources of site contamination must be removed and replaced. 
In environmental conditions that have suffered from contaminant decay 
and are subject to the interests of environmental renewal, landscape and 
soil content must be recycled. A NPW project situated on a Previously 
Developed Site must remove all building systems and building debris 
that may threaten the restoration of environmental site conditions. NPW 
project sites must be 100% removed from soil and landscape 
contaminants.  
 
 
 
 
 
 
 
 
 
 
 
A NPW Management Area must be negotiated between building 
developers and the municipality. Due to the varying demands placed on 
streetscape conditions including street parking, public transportation 
corridors such as Light Rail Transit, and site servicing for snow removal; 
the NPW boundary definition can differ in each project. The definition 
of the management area will rely on an integrated planning process 
between regional municipalities and developers to develop a matrix to 
separate water resources thereby allowing sustainable water harvesting 
and water banking for NZW inhabitant use3. NPW projects must 
manage 100% of the available stormwater/water resources within 
the NPW Management Area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.03 
A structure must be constructed
above the defined regional
floodplain to protect on-site water
resources and inhabitants. A site
with a high water table requires
construction to manage ground
water resources.  
Figure 6.02 
The division of Clean and Dirty on-
site water management must be
defined. This will allow an
appropriate definition for NPW
boundary conditions that places
water resources under NPW
Management Area.  
 99  
 
NPW site selection must not be constructed within a Floodplain4. 
Flood conditions will threaten the health of inhabitants as On-site and 
Building water can be affected throughout an NPW project. NPW 
projects will require protective measures to ensure that flood 
contaminants do not enter the site or intermix with the NPW cycle.  
 
NPW projects situated on lands with a High Water Table5 region will 
not be required to re-introduce rainwater percolation onto the site as 
ground condition will be unable to absorb further water contributions. 
NPW construction on a high water table will require an Effective 
Impervious Area (EIA) to manage and process Dirty water conditions. 
This will divert Dirty water into treatment processes under the NPW 
cyclic reuse. 
 
 
 
 
 
 
 
 
 
 
 
 
The prescription of the EIA will also require NPW typology to establish 
impervious construction whereby leachate from vehicles will not be 
allowed to seep into the ground. NPW construction developed on land 
that is not capable of restored hydraulic function must fulfill the lost 
function of the urban water cycle in place of the site. Site criteria subject 
to building ‘Replacement’ include: 
 
Brownfield land designations that cannot be remediated with 
current technologies 
Where ground and soil renewal is not possible 
A site that has a high water table and is not capable of groundwater 
absorption 
A site that is unable to properly filtrate or percolate rainfall 
 
NPW construction must restore on-site water cycle function by 
redefining the ground plane utilizing building Podiums and constructed 
landscape for rainwater percolation and harvesting. Sites that are subject 
to the listed conditions shall be designed with a 100-percent Site area 
where all of the Clean and Dirty water conditions are harvested and 
utilized in the NPW cycle.  
Figure 6.04 
The structure replaces the natural
function of the ground which is no
applicable on reclaimed waterfront
land. The build will be required to
store water to a duration which
reflects the regional water cycle,
and outflow Greenwater to
Bluewater.  
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6.1.1 Required Calculations for On-site NPW Pre-requisites  
 
Each NPW project will be subject to different environmental parameters 
whereby project site area, available water resources, and the quality of 
water resources differ. The environmental variables dictate the Passive 
and Active demands placed on the NPW project to establish sustainable 
NZW inhabitant use and the NPW building cycle. A series of figures and 
ratios must be identified in order to calculate the NZW requirements and 
the performance of the project to establish Net Positive Water. Net 
Positive Water is calculated from a year-by-year term. 
 
The following calculations must be determined: 
 
Water harvesting capacity is based on the total NPW Management Area of 
the project site. NPW Management area is based on the area of the 
property and the negotiated area of urban streetscape coverage  
 
The volume of available water resources is calculated by measuring the 
amount of annual precipitation that falls onto the project site which is 
measured in Height. The volume of available water as a result of Snowfall 
is calculated from 10% of snowfall Height per annum.  
 
The total volume of water resources from annual precipitation and 
snowfall equates to the total quantity of sustainable water storage that 
must be provided.  
 
The number of NZW inhabitants that a project can accommodate is based 
on the total quantity of water stored by the NPW project.  
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6.2.0 Clean Water On-site Guidelines 
 
Clean Water On-site Guidelines address Greenwater precipitation and 
Bluewater that has not, and will not be contaminated by City conditions.  
 
To manage and preserve Clean Water quality, the NPW site will be 
designed to separate Clean water resources from Dirty urban 
streetscapes. This can be achieved by utilizing the NPW building 
typology to establish a Clean Water Site Boundary separating Clean 
and Dirty On-site water management. NPW buildings will physically 
buffer streetscape conditions, isolating the Clean Water On-site 
Management area from urban conditions.  
 
 
 
 
 
 
 
 
 
 
 
 
Clean Water On-site Management areas consist of four primary 
conditions; Landscape Areas6, Vegetation Areas7, Water features8, 
and Paved Pedestrian pathways9. Clean water resources are preserved 
under best quality conditions when they are not affected by inhabitant 
activity. Greenwater precipitation should be allowed to permeate into 
paved surfaces, landscape soils, and Bluewater features such that the 
water medium is physically removed the urban environment.  
 
NPW projects will prescribe Landscape Areas away from urban street 
conditions as an attempt to maintain Clean water quality. Clean 
Landscape areas will be designed to retain precipitation and seasonal 
snowfall at the point of On-site contact. Surface Sods will allow water 
infiltration into the supporting soils below. Landscape Soil and paving 
substrates will be utilized as a Passive water storage mechanism, 
temporarily trapping water content as it percolates and flows throughout 
the medium10.  
 
Passive soil storage medium acts as a naturally occurring filter that 
separates debris as water travels throughout the soils. The water that 
flows out of the medium is free from particulate debris thereby renewing 
or maintaining Clean water quality.  
6.05
Clean and Dirty building and site
management must define the
conditions from which on-site
water flows. Water in Dirty areas
such as roadways must not be
allowed to enter clean areas, and
vice versa.  
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During the winter season, outdoor soils/substrates will no longer be able 
to filter available water resources as a result of winter frost. Snow will 
defrost and re-enter the NPW cycle during spring thaw. 
 
 
 
 
 
 
 
 
 
 
Clean On-site water conditions should be designed with sufficient 
landscape soil volume to store Greenwater content for NZW use. 
The volume of soil content will be determined by the absorption 
characteristics of the soil material. Soil selection and soil volume will be 
determined to fulfill NZW inhabitant use as a means of sustainable 
harvesting.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.06 
Impervious surfaces lead to
stormwater runoff, a condition
which must not occur in
waterfront locations within close
proximity to waterways. 
Figure 6.0.7
The diagram above displays the types of soil textures found in North America.
Each soil type has an optimal water absorption and storage capacity. Soil
selection should reflect the natural soil type of the regional ecosystem.  
 
In the City of Toronto, Silt Loam soil content has a 20% water absorption rate.
Sandy Loam and Loam type soils have a 10% water absorption rate. Soil texture 
information can be sourced from local and regional Conservation Authorities.  
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Clean On-site Vegetation Areas establish soil percolation to absorb 
sufficient Greenwater resources such that no additional water, whether 
potable or non-potable, will be utilized for purposes of irrigation and 
landscape maintenance. Plant species help to maintain soil integrity 
and influence precipitation infiltration into planting soils. 
Applicable native plant species11 (Appendix C. Table 1 Pg. 1) will be 
utilized as a component of the regional ecology. The resilient plant 
species can survive without fertilizers or growth additives that affect on-
site water quality. Resilient plant species will border paved areas to trap 
and isolate urban debris that is not isolated by paving substrates. Dying 
plants shall be replaced with the same plantings as originally designated 
by the original landscape plan.  
 
 
 
 
 
 
 
 
 
 
 
 
Clean On-site Water Features are utilized to increase the water storage 
potential of the site. Water that is stored in naturalized waterway 
conditions will induce flow in the water medium as a means to 
avoid standing water and water stagnation, two conditions that result 
in bacterial growth and water quality decay12. Aquatic plant species will 
be planted in Bluewater waterway/water-feature conditions with the 
capability to passively filter waterborne contaminants. Water that is 
stored in naturalized conditions is subject to ultraviolet exposure from 
the sun, a process that passively purifies water identified as ‘Daylighting’. 
NPW treatment systems will be utilized to ensure that water quality is 
safe for inhabitant contact.   
Figure 6.08 
The use of native vegetation ensures
that the plant is capable of surviving
the environmental conditions of the
regional ecosystem. Plantings will
help convey water into soil content
for Passive water storage. The
planting’s root structure will give soil
content a structure to prevent soil
erosion.  
 
Figure 6.09 
Water features expose bodies of
water to inhabitants in a private
domestic setting to instil a sense of
ownership. Ownership will encourage
the preservation and celebration of
water.  
 
Refer to the ‘2-tier’ design of
waterways in Appendix C. 
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Paving Solutions will be permeable throughout the Clean On-site 
Management area to mitigate surface water content. Surface water 
absorption will stop the spread of contaminant debris from NPW 
inhabitant activity. Salt, rocks, and other particulates are trapped in shoes 
and spread throughout the urban realm. Clean On-site paving substrates 
will trap and isolate the urban debris, allowing water to percolate 
beneath the material. Permeable paving will also ensure that 
Landscape and Vegetation areas are not subject to conditions that may 
overwhelm the passive storage capabilities of soil content.  
 
Velocity and quantity controls of surface stormwater runoff are vital in 
the strategy to protect local waterways and waterfront habitat. Reducing 
surface runoff and the speed from which the medium reaches local 
waterways requires permeable paving solutions to allow stormwater 
ground infiltration13. Redeveloping the area of permeable landscape 
from an urban development site will inform and shape and scale of On-
site coverage.  
 
Clean Site Servicing will utilize sustainable practices to maintain 
pedestrian pathways and active building areas. Paving solutions shall be 
selected with self cleaning characteristics to reduce site servicing 
demands. Semi-annual maintenance of Clean On-site vegetation areas 
will be required to remove urban debris and preserve the Passive 
filtering function of on-site landscape and vegetation. Servicing 
must reposition or replace on-site materials as components that maintain 
the integrity of site permeability. Alternatives to salt/de-icing are 
available that have been proven to cause no ill detriment to the urban 
environment or native plant species14. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.10
This multi-tiered paving strategy allows Greenwater precipitation to permeate
directly into the soils beneath, which will eventually flow back into regional
waterways as renewed Bluewater resources. 
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6.2.1 Clean On-site Water Standards  
 
Clean On-site Water standards establish requirements to ensure 
precipitation conveyance into On-site conditions for NPW sustainable 
harvesting. 100% of water under Clean Water On-site Management is 
subject to NPW sustainable harvesting. 
 
Clean Water On-site Management must be contained within the 
prescribed Clean Area boundary. No Clean water quality will be allowed 
to outflow beyond the Clean Water On-site boundary. Snow will be kept 
at the point of snowfall to allow the medium to melt under natural site 
conditions.   
 
Clean Water On-site Management areas will consist of a minimum of 
Sixty percent (60%) permeable site coverage15. Surface conditions to 
accommodating this Standard can deploy Landscape Area, Vegetation 
Area, Water Features, and permeable paving. Clean On-site conditions 
include landscape podium coverage and landscape roof coverage.   
 
Permeable landscape areas will reuse the native soil content of the 
project site if the quality of the soil is capable of storage performance. 
Recycled on-site soil content from Brownfield remediation is subject to 
project use. If the renewal of project soil is not plausible, soil content can 
be sourced from alternative sites within the urban realm.  
 
Vegetation areas must utilize Native plant species from the regional 
environment. Native plant species listings are provided by regional 
conservation authorities. Resilient plant species should be selected to 
survive within the domestic environment. NPW projects will provide no 
potable or non-potable irrigation to Vegetation areas.  
 
Clean Water On-site cannot allow water resources to decline in quality. 
Bluewater quality must be subject to natural conditions of water flow. 
Water flow can be induced via gravity (ie: meandering stream, waterfall) 
or mechanical means such as a pump. Bluewater conditions on-site must 
be subject to NPW treatment to ensure inhabitant safety.  
 
Paved areas within the Clean water on-site boundary must be resilient to 
pedestrian activity. Paving systems must be supported by substrate 
materials that isolate sediment and contaminant debris as a result of 
inhabitant use. Snow removal must occur before sustainable de-icing 
additives have been utilized.  
 
Site Servicing will follow LEEDTM Green Housekeeping Guidelines. 
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6.3 Dirty Water On-Site Guidelines 
 
Dirty Water On-site Management addresses urban waters that have 
compromised quality as a result of the urban realm. The designation of 
Dirty Water On-site Management is intended to buffer urban conditions 
from Clean Water On-site Management and the NPW cycle.  
 
A Dirty Water Site Boundary (Fig. 7.05 Pg. 121) will be defined to 
cover a Dirty Water On-site area from the streetscape façade of the 
NPW building to the negotiated municipal management area boundary 
with the City. Dirty Water On-site Management will be subject to 
roadway and streetscape conditions that generate waterborne debris and 
contaminants. The Dirty Water Site Boundary will contain, isolate, and 
adequately separate urban contaminants from NPW Greenwater 
resources. Dirty Water On-site conditions will consist of Vegetation 
Areas, Water features, and Paved Vehicular/Pedestrian 
surfaces/pathways (for Landscape Areas, refer to Clean Water On-site 
Guidelines). 
 
Dirty Vegetated Areas will be deployed as Bioswale landscape elements. 
Bioswale vegetation and native plantings are chosen for their filtration 
and absorption characteristics to trap waterborne particles thereby 
ensuring the quality of stormwater drainage. Native plant listings are 
available under regional conservation authorities or divisions of urban 
forestry from municipal offices16. The design of a Bioswale consists of a 
drainage course whereby surface waters will flow into soil and 
vegetation. Resilient plant species trap contaminants and urban debris 
while Greywater flow is slowed as it courses throughout the plantings 
and soils. The selection of plant species is based on native resilient and 
aquatic vegetation.  
 
 
 
 
 
 
 
 
 
Figure 6.11
 
Bioswale’s are designed as a multi-tiered water cleansing strategy utilizing 
resilient plantings and filtering granular to separate streetscape contamination
from water
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Water Features associated with streetscape conditions should be 
designed to increase resource exposure and water awareness within the 
urban realm. Water features constructed within the Dirty Water On-site 
Management require Site Servicing to maintain the quality of NPW 
resources. Water Feature designs should be integrated where surface 
waters and contaminants drain away from NPW resources. Water 
Features within the Dirty Water On-site Management area will be subject 
to Clean Water On-site Management Guidelines.  
 
Paving Solutions in the Dirty Water On-site area will be subject to 
Clean Water On-site Management Guidelines. Paving solutions in 
vehicle parking and roadway conditions will isolate and separate urban 
debris from On-site NPW resources. Vehicles are been proven 
contributors of waste and harmful environmental particles that are 
released into associated roadways17. Roadway design prescribed as an 
‘inverted crown’ street establishes a collection channel to isolate road 
debris in the center of a street rather than the sides. Infiltration Galleries 
made of compartmentalized chambers of sand and gravel trap Dirty 
debris as stormwater travels throughout substrate materials.  
 
Figure 6.13 
This image displays an inverted crown
street, whereby the slope of the
roadway is designed to focus
stormwater into the centre of the street
so that it can be processed through
granular and screening materials.
Infiltration Galleries are also present
on roadside parking locations to
contain the debris that falls off of
vehicles.  
Figure 6.12 
Streetscape water features act as
sculptural and civic elements to bring
awareness of water resources into the
urban realm. The intention is to
increase the value of water for urban
inhabitants in addition to encouraging
civic engagement.  
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Pedestrian Paving Solutions will be designed to drain into landscape 
Bioswale’s to passively filter NPW resources.  
 
Dirty Site Servicing will be subject to Clean Water On-site 
Management Guidelines. 
 
6.3.1 Dirty Water On-site Standards 
 
Dirty Water On-site Standards prescribe the same standards as Clean 
On-site Standards for 100% water harvesting, Clean Area boundary, and 
a minimum of 60% permeable coverage, and Water features (for 
Landscape Areas, refer to Clean Water On-site Standards).    
 
Bioswale vegetation areas will be designed to absorb streetscape surface 
waters to prevent Dirty water outflow and stormwater runoff. Bioswales 
must utilize resilient aquatic plant species to filtrate urban debris from 
NPW resources. NPW projects will provide no potable or non-potable 
irrigation to Vegetation areas. Bioswales will direct water towards NPW 
treatment process to remove Dirty contaminants and waterborne 
bacteria.  
   
Paving for Dirty Water pedestrian streetscape pathways must drain 
surface waters away from Water features where urban Dirty water quality 
will not contaminate Clean water content. Streetscape paving must drain 
surface waters towards Bioswale landscape elements. 
 
Paving for parking areas must be permeable, where substrate and paving 
design will isolate contaminants and debris from vehicles.  
 
Paving for roadways must be impervious, where roadway debris from 
cars will be drained directly into NPW treatment processes.  
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6.4 Required Calculations for NPW Clean & Dirty On-site  
 
The fundamental composition of NPW landscape design is to initiate 
Passive On-site Water storage. To calculate the total water harvesting 
capability of On-site features, the performance of each On-site surface 
material and supporting material must be identified.  
 
The following calculations identify the total capacity of selected NPW 
On-site strategies to achieve Passive water storage.  
 
Total volume of soil/substrate required, where the volume of soil 
content is interconnected with project passive storage performance 
 
Passive storage capacity per on-site element, where landscape, 
vegetation, water feature, and paved areas have differing passive storage 
capabilities based on substrate materials and construction design.  
 
Total passive on-site water storage capability as a component of 100% 
sustainable NPW harvesting.  
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Table 6.0.2 
The Net Positive Water On-site checklist is to be utilized to
ensure that eligible projects adhere to the required standards to
achieve sustainable urban domestic sites and sustainable
building water practices.  
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6.5 NPW Building Pre-requisites 
 
NPW Building prerequisites are required to enforce the minimum 
allowable conditions to manage water quality within domestic typology. 
While NPW On-site Guidelines and Standards have been established to 
negotiate between site conditions and the urban realm, NPW Building 
prerequisites focus on building construction and building water 
performance. The design and deployment of water-related building 
systems must be regulated to achieve sufficient performance to generate 
Net Positive Water.  
 
NPW Buildings are subject to NPW Clean Water On-site Standards. As 
a component of Clean Water On-site Standards, the total site coverage 
of the building should provide a minimum of 60% permeable 
coverage. 100% of water on Clean Water Building Management is 
subject to NPW sustainable harvesting. Surface areas consisting of 
Landscaping, Vegetation, Water Features and paved areas exposed to 
atmosphere will follow the prescribed On-site Standards.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.15 
Permeable landscape coverage is a
natural surface that allows rainfall
to infiltration and percolate into
supporting soils. The percolation
effect is a component of the
natural water cycle.  
Figure 6.14 
Increasing permeable coverage 
reflects LEEDTM prescriptions for 
increasing on-site landscape as a 
means to convey stormwater into 
the ground. The effort reduces 
stormwater runoff
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All NPW building conditions fall within the prescription of Clean Water 
quality. Clean Water Building Management reflects Clean Water On-site 
Management, prescribing design development of building materials to 
maintain Clean Water quality on NPW building surfaces. 
Maintaining Greenwater quality as it lands on the NPW project is a 
component of the effort to protect urban water resources from the 
degrading conditions of the urban realm.  
 
Building materials must not release chemicals, leachate or material 
decay that will be of detriment to NPW water quality. Only non-toxic 
and sustainable products will be allowed in the construction of the 
building envelope. 
 
 
 
NPW projects are constructed with impervious building envelopes. 
Impervious surfaces incidentally contribute to stormwater runoff by 
accelerating the flow of stormwater as it drains from the building. NPW 
building typology must divert water from impervious building surfaces as 
a component of water harvesting. Impervious building surfaces will 
drain Greenwater precipitation and snowfall into NPW permeable 
coverage. Landscape, Vegetation, Water Features and permeable paving 
on the NPW building will harvest stormwater drainage.  
 
 
 
Figure 6.17 
Permeable coverage in the form
of planters and landscape reduces 
the rate of water flow from
impervious building conditions,
allowing the site to slowly
infiltrate water content into the
environment. 
Figure 6.16 
Building materials can decay and
release chemicals as a result of 
material composition and poor
environmental protection. The
release of leachate and chemicals
will pollute and degrade urban
water quality.  
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Passive On-site water storage and permeable building areas function as a 
component of NPW sustainable harvesting. NPW Passive On-site Water 
storage will not be sufficient to store 100% of available Greenwater 
resources that fall onto the NPW project. NPW projects require Active 
water storage mechanisms to accommodate for the remaining 
quantity of harvested water resources not stored by Passive water 
storage.  
 
 
 
 
 
 
The drainage of Greenwater resources from Passive water storage to 
Active water storage is a continual function of the NPW cycle. Drainage 
from Passive NPW on-site conditions into interior building conditions 
for Active water storage demands the Clean Water management 
prerequisites to preserve water quality. No Blockages or foreign 
materials will be allowed to enter internal building drainage of 
Greenwater resources.    
 
NPW building typology is required to provide 70 LPCD sustainable 
water provisions for NZW inhabitation. As a result of the limited but 
sustainable volume of annual water resources that can be harvested, 
building scale and density changes with varying site conditions, areas, 
and available water resources.  
Figure 6.19 
Debris that is trapped in 
drains are allowed to slowly 
erode as water flows through 
the drain. Chemicals and 
debris are released that affect 
water quality. 
Figure 6.18 
Active water storage is a
constructed method to contain
water. Constructed water storage
requires mechanical systems to
maintain water quality.  
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The resulting relationship that informs all NPW projects is that building 
scale and density is based upon the quantity of annual water resources 
that can be stored on (Passive), and in (Active) the NPW building.  
 
All NPW Clean Water Building resources will be subject to NPW 
treatment to ensure the health of domestic inhabitants and the health of 
the domestic living environment.  
 
6.5.1 Required Calculations for NPW Building prerequisites 
 
NPW Building prerequisites identify the size and scale of water 
engagement in sustainable water domestic typology. Water engagement is 
directly connected to the number of inhabitants supported by water 
harvesting and storage. Water harvesting and storage influences the 
physical form and function of urban domestic typology.  
 
The following calculation is required to identify the required quantity of 
Active water storage of the NPW building: 
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6.6 NPW Clean Building Water Guidelines & Standards 
 
NPW Building Water Guidelines prescribe strategies to direct harvested 
water resources from On-site-to-building conditions as a component of 
the NPW cycle. NPW building management begins when water content 
falls onto the building envelope as harvested water content is released 
from Passive On-site water storage.  
 
Two strategies are prescribed for NPW Clean Building Water 
Guidelines. Passive On-site water storage is duplicated on Exterior 
drainage design with the building envelope subject to 60% permeable 
site coverage as prescribed by NPW Building prerequisites. As the 
captured water medium is released from Passive storage as a component 
of natural time-scale flow18, Interior drainage design is implemented 
by managing water quality classifications. Active water storage occurs 
within the NPW Building to provide sufficient storage capacity to 
accommodate 100% of annual available harvested water resources. 
Passive and Active building mechanisms enable the building to function 
as a component of the urban water cycle to provide for NZW 
inhabitation.   
 
 
 
 
 
6.6.1 Exterior Clean Water Building management 
 
Clean Building Water Guidelines prescribe Passive water storage 
performance on building rooftops, podiums, amenity areas, open 
circulation pathways, residential terraces, and balconies. The listed 
building conditions are impervious components of domestic building 
typology whereby NPW Building Guidelines require the adaptation of 
these spaces to not only drain available resources but to establish 
Exterior building conditions as a mechanism for water harvesting.   
 
 
Figure 6.20 
Building drainage is a component
of water harvesting to convey
water resources to and from
storage devices. The movement of
water from storage, to storage is a
component of the NPW building
cycle.  
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Water drainage on a building’s exterior is difficult to control and 
maintain Clean Water quality. Urban buildings are subject to varying 
sources of contamination in the atmosphere (i.e. soot, carbon dioxide, 
airborne particulates) and those particles can accumulate on building 
surfaces19. When precipitation comes into contact with those surfaces, 
the surface particles are carried off the building envelope as waterborne 
debris. The introduction of Passive water storage and harvesting on 
NPW building exteriors utilizes landscape conditions as a means to 
isolate dirty building debris.  Soil content and vegetation filter and 
separate foreign contaminants from Exterior building conditions.  
 
NPW Building Rooftops will operate as an independent plane to 
contain 100-percent of the annual precipitation that falls onto the 
immediate area defined as ‘Roof’. Rooftop design will mitigate 
stormwater and snow runoff from rooftop surfaces onto the building 
façades and NPW On-site conditions. NPW buildings will demand 
structural design to accommodate increased Green roof system loads 
and snow loads20. The design strategy for the winter season will retain 
snow at the location of snowfall as a means of exterior water storage. 
Winter snow will reanimate into water during spring thaw.  
 
Passive water storage on building rooftops takes shape in the form of 
landscape sod and vegetation planters as a component of roof 
construction and permeable roof coverage. Rooftop Passive water 
storage is a component of section 6.4 Required Calculations for NPW 
Clean & Dirty On-site.  The permeable surface is intended to absorb and 
contain Greenwater precipitation.  
 
Designs of permeable Green roofs utilize building and landscaping 
materials to ensure continual water flow. Landscape soil medium will be 
contained within a series of membrane fabrics (Geotextiles) allowing 
water to be released from Passive water storage devices without soil 
erosion21. Woven and non-woven Geotextile fabrics can be selected, 
with woven Geotextiles utilized as a load distribution fabric and non-
woven Geotextile fabrics designed with the benefit of fine filtering 
capability. Drainage plates and overflow scuppers should be utilized to 
prevent surface overflow from Green roof systems during 
heavy/extreme weather events.  
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Roof area that is not covered by Green roof systems will be designed 
to slope and drain into Passive rooftop storage. Minimum 
construction standards for building drainage require a 2% slope on level-
building surfaces with a nominal design of 4% to promote necessary 
drainage from beneath the system. All roof slopes in excess of 17% 
supporting green roof assemblies require anti-sheer measures to ensure 
roof integrity22.  
 
Rooftop paving solutions will be permeable, allowing Greenwater 
precipitation to infiltrate paving surfaces where the medium will enter 
substrate materials. Paving is levelled and supported by substrate 
materials that negotiate constructed drainage slope conditions. Insulation 
on the building envelope will be installed to avoid premature melting of 
rooftop snow as a result of thermal bridging. 
 
Design of permeable paving on NPW building rooftops will be 
supported by screening and granular materials to replicate the prescribed 
surface characteristics proposed by section 6.2 Clean Water On-site 
management Paving Areas.  
 
 
 
 
 
Figure 6.21 
Exterior and Interior drainage
design on building rooftop
conditions utilizes the building as a
means to mitigate stormwater
runoff.  
Refer to Appendix C for Green
Roof System design options. 
Figure 6.22 
Utilizing roof top paving areas as
permeable conditions allows
precipitation infiltration where urban
contaminants cannot reach the water
medium. 
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Passive water storage will direct harvested water resources into the NPW 
building. NPW rooftops will provide drainage mechanisms to direct 
exterior water resources into interior water management. Drainage 
grates23 will be deployed on the building envelope to filter rooftop debris 
and maintain harvested water quality.   
 
The Building Envelope of domestic construction is dynamic and 
translates a multitude of spatial conditions to provide exterior 
inhabitation, panoramic viewpoints, and open environmental 
engagement. Open corridor, residential balconies, terraces, and building 
circulation condition that expose the impervious building envelope to 
the natural environment will be subject to canopy and permeable 
drainage design. Passive water storage deployed throughout NPW 
Building elevations will localize the volume of precipitation displaced by 
the building façade. The prescribed strategy will mitigate the volume and 
rate of stormwater runoff at podium and ground conditions when 
precipitation drains down the structure.  
 
Designs for Passive water storage devices deployed on NPW Building 
elevations can be implemented on all of the domestic spatial conditions 
listed above. The strategy to achieve Passive water storage on NPW 
Building Elevations will prescribe vegetation planters throughout the 
building façade. Planter boxes that hang or mount onto exterior 
building conditions will be used in place of parapet and railing 
construction24. Planter boxes can be constructed in varying sizes to 
reflect the soil heights prescribed to achieve sufficient Passive storage 
volume.  
 
 
Following the drainage design of NPW Building rooftops, impervious 
building conditions will drain surface waters into Passive water storage. 
Drainage scuppers can drain water from impervious building surfaces 
into planter storage devices. Permeable paving conditions should be 
utilized on all pathway conditions to remove surface water conditions. 
Drainage grates should be separated from surface conditions to prevent 
debris from entering NPW interior water management.  
Figure 6.23 
Building elevations intercept
precipitation as a result of building
height. The result is a large quantity
of water flow down the elevation as
precipitation travels towards the
ground. Planters along the building
elevation slow the rate of
precipitation runoff. 
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In conditions where residential balcony construction is impervious (i.e.: 
balcony’s protruding from a building’s envelope), canopies shall be 
deployed to direct Greenwater precipitation away from impervious 
building area. Canopies remove surface water conditions and isolate 
inhabitant space as a source of water contamination. Canopy 
coverage shall be equal to the area of impervious surface on the balcony 
conditions. Canopies will follow a slope design and drain into permeable 
Passive water storage along the Building Elevation. Conventional design 
of domestic typology allows precipitation to flow off balcony and 
terraces edges. Inset balcony’s and terrace designs will utilize permeable 
paving solutions as a component of the building envelope.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cladding on the building façade will be designed to repel stormwater as 
a component of the building envelope in addition to functioning as a 
drainage plane to harvest water resources. When precipitation falls into 
contact with cladding surfaces, the medium will travel down the building 
envelope. Domestic building conditions where the residential tower 
structure meets the building podium or ground condition will require 
drainage mechanisms to direct water into interior water management.  
 
Construction of the domestic building Podium in urban conditions will 
be designed as a management plane with the same permeable Passive 
water storage strategy as prescribed for NPW building rooftops. 100-
percent of the precipitation that falls onto the immediate area defined as 
a ‘Podium’ will be subject to sustainable water harvesting and storage. In 
building prescriptions where podium conditions cover 100-percent of a 
project property area and residential towers are situated above, a 
minimum of 60-percent of the remaining NPW building site area will 
provide permeable landscape area to absorb precipitation runoff. 
 
 
Figure 6.24
The canopy condition allows for open
corridor spaces to be utilized in passive
design in addition to providing shelter.
Canopies must be constructed to
support the loads presented by
snowfall.
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6.6.2 Interior Clean Water Building management 
 
Water management within NPW building typology shall be designed to 
control domestic water resources at different quality conditions to fulfill 
domestic water use. The first tier of NPW building Clean Water 
management will be designed to convey harvested Greenwater 
precipitation from Passive water storage into Active water storage. 
Drainage design focuses on diverting harvested water into NPW water 
medium at different states of quality. The second tier will provide 
dedicated Potable, and Non-potable water supply for NZW residential 
use.  
 
The conveyance of NPW harvested resources from Passive water storage 
into Interior Clean Water Management will focus on quality assurance of 
water content at drainage locations on the building envelope. The 
proposed strategy will prevent debris and materials from entering the 
interior water management.  
 
Drainage into the building on the building envelope will be protected 
from surface water conditions where sloped building planes can also 
accumulate urban debris (i.e. leaves, garbage, soot, etc.). To prevent 
debris from contaminating harvested water content, drainage inlets will 
be situated beneath permeable paving solutions on the building 
envelope. Geotextile fabrics and substrate screening materials to support 
permeable paving solutions will function as a filtration layer to isolate 
urban debris. The implementation of drainage covers/grates will act as a 
secondary mechanism to stop foreign materials from entering Interior 
Clean Water Management.  
 
Drainage areas situated within proximity to Passive water storage 
landscape areas and restored urban forestry require servicing and 
maintenance to manage conditions to ensure Clean Water quality and 
continual water harvesting processes.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.25 
Drainage beneath surface
conditions utilizes substrate
materials as a water filtering
mechanism.  The rate of drainage
can increase and decrease based
on the size and volume of
substrate material utilized.
Substrates will be designed to
mitigate standing water
conditions. 
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Potable water supply will be sourced from NPW Active water storage, 
where stored resources are subject to NPW treatment as water is 
conveyed to NZW households. Emphasis on health and safety is a 
primary focus in potable water distribution to ensure potable quality is 
maintained at all times. Interior Clean Water Management will ensure 
that potable water quality is provided to NPW domestic households 
following recognized municipal and national plumbing standards25.   
 
Interior Clean Water management will only be provide potable water for 
potable water uses following NZW Guidelines. Potable water will be 
provided in household kitchens for inhabitant intake and food 
preparation, and lavatory/washrooms for inhabitant intake and 
sanitation26.  
 
Non-potable water supply will be sourced from NPW Active water 
storage, with water subject to NPW treatment providing non-potable 
water quality. Non-potable resources will be provided for inhabitants to 
utilize water for non-potable household tasks. NZW Guidelines 
prescribes non-potable provisions in household kitchens, lavatories, and 
baths to fulfill non-potable household tasks.  
 
NPW building plumbing will be designed to maintain Clean water quality 
by preventing water decay. Plumbing design will utilize non-corrosive 
and non-off gassing materials to ensure that the building does not 
affect harvested water quality. Plumbing access will be provided on each 
floor of a NPW project to ensure that the system can be serviced and 
inspected. Adequate plumbing ventilation will be provided to prevent the 
blockages and backflow conditions that can threaten Clean Water 
management 
 
 
 
 
 
Figure 6.26 
Potable and Non-Potable water
provisions in NPW households is
intended to separate water
resources into quality streams
providing inhabitants with
awareness for resource quality and
how to utilize differing qualities of
water.
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Active water storage systems situated in NPW buildings require 
mechanical systems to continuously maintain the Clean Water quality of 
harvested water resources within the structure. Active water storage will 
require constructed conditions that mitigate the growth of bacteria in 
stored water resources as well as the buildup of harmful waterborne 
particulates.  
 
The best means to stabilize harvested water quality is to induce flow 
and movement in stored water content to replicate the natural flow 
of water. Selected storage strategies will not be allowed additional 
waterborne additives in the form of solvents and chemicals as a means to 
rectify degrading water quality. The storage strategy will avoid the 
chemical additives that strip water of non-harmful bacteria and nutrients.  
 
Constructed water storage in urban building typology will be most 
effective in underground applications due to scarcity of open land 
amongst City conditions. Active storage mechanisms will be designed to 
accommodate sufficient volume of water medium to support the total 
annual water demand of NZW residence in conjunction with Passive 
water storage.  Subterranean solutions such as buried storage tanks or 
subterranean wells are an adequate solution as long as water is not 
allowed to stagnate and degrade in quality27.  
 
Active thermal condition systems utilizing water based thermal transients 
are the most ideal candidates to embody the building typology with water 
resources. Thermal conditioning is achieved as cooling or heating is 
transmitted by radiators, condensers, and thermal exchangers utilizing 
conditioned transient solutions. Adapting conditioning systems to use 
harvested potable or non-potable water will induce water flow 
throughout an entire structure. The added benefits of thermal systems 
integration is the energy that is stored in the water medium, with the 
added performance to stabilize water quality as a result of increased 
water temperatures28.   
 
 
Figure 6.27 
Thermal conditioning systems such
as Ground Source heat pumps,
Radiant Heating, and Solar Thermal
Arrays utilize water-based transient
solutions as the energy medium.
These systems can be adapted to
utilize Potable/Non-potable water
as a component of the NPW cycle. 
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6.7 Clean Water Building Standards  
 
Building materials utilized as a component of the NPW cycle to harvest, 
drain, and store water resources shall not be allowed to degrade 
harvested water quality.  
 
Rooftops  
 
Following the prescription for vegetated ‘Green’ roof coverage29 by 
LEEDTM and local municipal bylaws (City of Toronto), NPW Buildings 
will deploy Green roofing systems on no less than 60-percent of 
applicable rooftop area. The 60-percent coverage is based on the 
definition of roof boundary30. Remaining non Green roof coverage areas 
are allotted for service pathways, floor area designated for the buildings 
mechanical systems, and other spatial requirements associated with 
multi-storey domestic construction.  
 
Alternative roof mounted building systems such as solar thermal arrays 
or photovoltaic panels shall not interfere or disrupt the water harvesting 
processes of NPW Green roof systems. 
  
Building Envelope 
 
Planters and storage devices located on the building envelope must 
accommodate a minimum coverage area of 20-percent of the 
immediate impervious surface area. Planters will be utilized as a 
means to slow the rate of stormwater runoff from impervious building 
conditions. Planters will be subject to regional frost depths as prescribed 
by regional environmental authorities31.   
 
Surfaces on the building envelope must not be subject to construction 
thermal bridging that influences the pre-mature melting snow or frost 
build-up during the winter season. 
 
Building Podium  
 
Building podiums are utilized in urban construction to establish building 
scale that is relative to streetscape and pedestrian conditions32. The 
building podium will be managed as a management plane with the same 
water harvesting Green Roof requirement as prescribed for NPW 
building rooftops. 
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Water Provision and Drainage 
 
NPW Building drainage systems diverting harvested water from 
Exterior-to-Interior Clean Water Management must be protected from 
winter seasonal conditions to prevent frost damage. No blockages or 
foreign materials will be allowed to clog building drainage, and plumbing 
networks. Under NZW Guidelines, domestic waste debris is isolated and 
separated from water content within the household33, removing the need 
for sediment and debris treatment post inhabitant use. 
 
Potable and Non-Potable Water is subject to NPW treatment to ensure 
clean water quality before water is provisioned for residential inhabitants. 
 
Potable drinking water must be processed to tertiary and municipal levels 
before it is allowed to enter the household. The emphasis for health and 
safety is a primary focus for water distribution where water provisions 
must achieve potable water quality at all times. 
 
Non-Potable water will be directed to all household non-potable tasks 
through a dedicated non-potable (Greywater) network of feed and 
drainage piping.  Greywater will undergo bacteria removal and directed 
back into water storage and storage for future reuse.  
 
Active Water Storage 
 
Active water storage to accommodate harvested precipitation will not 
allow water quality to decay. Water storage systems will not allow 
stored water resources to stagnant, avoiding water conditions that 
lead to the growth of bacteria and waterborne diseases.   
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6.8 Dirty Building Water Guidelines & Standards  
 
Urban domestic development is designed to support a mixture of tenants 
with a diversity of building programs and service areas. Mixed-use 
designations for urban domestic intensification require Service and 
Utility facilities for Loading Areas, Moving Bays, and Refuse locations 
for waste disposal. All of these areas negotiate Dirty water conditions 
that can contaminate On-site and Building water content. The listed 
areas will be internalized within a NPW Building as a means to contain 
debris. 
 
Waste and debris management shall follow municipal code and bylaws34 
that require the separation of compost, garbage, and recyclables as a 
means to deter waste material from landfills. Waste containers are to be 
water tight to ensure wastewater is not released into utility areas. Waste 
materials are to be removed under servicing conditions where waste will 
not be allowed to escape from the NPW Management Area. Drainage in 
Service and Utility Areas will direct all water content directly into NPW 
treatment.   
 
 
 
 
 
 
 
 
 
NPW building area allotted for Vehicle Parking will be designed with 
dedicated floor drains, whereby paving design will function as a sloped 
plane to drain the Dirty water content that falls from vehicles35. 
Domestic building typology will provide sufficient space for residential 
parking and vehicle ownership following municipal zoning bylaws36.  
 
 
 
 
 
 
 
 
 
Figure 6.29 
Drainage gutters constructed at
each parking space will limit the
flow of surface runoff.  
Gutters will also ensure site
servicing will effectively divert
Dirty paving conditions into NPW
treatment.  
Figure 6.28 
Areas utilized for building services
negotiate materials, chemicals, and
waste.  
Constructing servicing areas within
the building envelope is an attempt
to ensure inhabitant debris is not
released into the environment, to
ensure Dirty water does not flow
out of the building structure.  
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NPW building areas allotted for vehicle laneways, municipal garbage 
disposal vehicles, loading bays and moving rooms are designed with an 
Effective Impervious Area. Impervious paving will function as a sloped 
plane, draining water content into floor gutters. The gutters will trap 
streetscape contaminants and urban debris while separating residual 
Dirty water medium. The gutters will drain directly into NPW treatment 
systems for quality renewal. Captured debris is subject to maintenance 
and site servicing removal.  
 
 
 
 
 
 
 
 
 
 
 
NPW residential households will provide dedicated drains to convey 
post-consumed Greywater and Blackwater in their respective qualities to 
water treatment. Drainage design will reduce the volatility of flow as the 
degraded water content flows into treatment mechanisms.  Common 
multi-unit drainage issues are caused by inhabitants when they flush 
household items down the drain. The accumulation of debris will back 
up the drainage system37 resulting in extensive servicing and maintenance 
costs. NPW will prescribe preventative measures in the form of strainers, 
grating, and screening that will control the flow of the water medium at 
intake locations.  
 
NPW building maintenance will follow LEEDTM Green Housekeeping 
Guidelines utilizing environmentally safe cleaning solutions and servicing 
practices. Building maintenance will continually combat Dirty building 
conditions as a result of inhabitant activity.  
 
 
 
Figure 6.31 
Greywater drains from NPW
households must be protected by
inhabitant waste debris. 
Blackwater drains should be
utilized for human waste only.  
Figure 6.30 
Drainage gutters will be trap
sediment debris that is waterborne.  
Drainage grates will stop large
debris to prevent blockages. 
 127 
 
NPW building typology will filter, treat, and renew all Dirty water to 
restore Greywater and Blackwater content to Greenwater and Bluewater 
quality. NPW Innovative Water Treatment (IWT) will deploy 
treatment mechanisms and water processes to renew harvested water 
resources to pre-consumption conditions, generating a building water 
cycle to establish multiple water reuse. With reference to the Green 
Building Case Study exemplars documenting Canadian sustainable water 
construction, water treatment systems are available in today’s 
marketplace that are capable of generating tertiary, and beyond tertiary 
water quality.  
 
Non-potable Greywater from NPW household kitchen, lavatory, and 
bath drainage will undergo filtration and treatment to remove residual 
household chemicals, bacteria’s that have been accumulated from 
inhabitant use, and all effluent content. Blackwater content from lavatory 
toilets direct inhabitant wastewater and waste solids into treatment. Solid 
waste material will be removed from the water medium while wastewater 
content will be purified of bad bacteria, toxic substances, and sources of 
disease.  
 
Dedicated utility areas will be provided for NPW Treatment 
mechanisms including facilities to control water treatment processes. 
Integrated NPW treatment utilities include building area for drainage and 
plumbing maintenance, pump stations and sump pumps, and dedicated 
waste collection facilities specifically for NPW solid waste management. 
Treatment and water management technicians will be required to manage 
NPW treatment processes. The minimum grade of post-treatment water 
content will fulfill all non-potable water uses in NPW building typology 
to allow NPW cyclic reuse of harvested water resources38.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.32 
Providing isolated facilities for each
water treatment process will establish
quality control.  
Blackwater and Greywater separation
is vital to ensure treatment processes
are optimized to address Dirty water
content.  
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6.8.1 Dirty Building Water Standards  
 
Drainage slope design for paving in Service and Utility facilities areas 
require a minimum slope following municipal code. The drainage slope 
will divert any wastewater effluent from domestic waste materials into 
NPW treatment. Drainage planes are required to slope towards floor 
gutters that trap waste solids and garbage debris. Water drainage in floor 
gutters will divert Dirty water content to NPW treatment.      
 
Drainage slope design for paving in residential and visitor Parking Spaces 
will follow the same design standards prescribed in waste management 
utility areas. Drainage planes and floor gutters will isolate Dirty water 
content from vehicles. Gutters located in the front of each parking 
position to minimize the spread of surface runoff.  
 
Drainage for NPW residential households diverting post-consumed 
Greywater and Blackwater to NPW treatment is required to service 
drainage networks bi-monthly to ensure the continued function of the 
drainage systems.  
 
NPW projects will follow the guideline of LEEDTM Green 
Housekeeping innovation credit, providing up to a 6 month supply of 
sustainable cleaning products to inhabitants (Appendix B Pg. 8). 
 
Innovative Water Treatment (IWT) deployed in NPW building projects 
are required to remove 100-percent of foreign Dirty particles and 
contaminants from harvested water resources.  Urban debris must be 
removed from Passive Water Banking on Exterior Clean Water Building 
Management before the medium is direct into Active Water Storage.  
 
Water filtration and treatment mechanisms are required to remove 100-
percent of solid waste material and wastewater contamination from post-
inhabitant use. The water content will be restored to a minimum water 
quality of non-potable reusable water. Treated water must be inspected 
by qualified water inspection technicians to adhere to local health 
regulations and standards.  
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6.9 Required Calculations for NPW Buildings 
 
Total active water storage in NPW Buildings is the result of utilizing and 
adapting every domestic building system that requires water based 
solvents and water content. Adaptation will involve water use in thermal 
conditioning systems, pressurized plumbing networks, stormwater 
containment and dedicated water storage systems.   
 
Water treatment for an individual building is considered a small 
application when compared to regional and municipal treatment utilities. 
Available water treatment technologies on the market have been 
designed to accommodate neighbourhoods and communities. The 
application of water treatment and filtration for an individual NPW 
projects will utilize the available size and capacity of water treatment 
mechanisms.  
 
The following calculation is required to establish Active water storage 
and Water treatment in NPW buildings: 
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Table 6.03 
Net Positive Water Building Checklist establishes building 
items and functions that need to be revised to ensure 
sustainable building water practices. All of the listed items 
must be achieved in order for a project to qualify as a Net 
Positive Water structure.  
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Figure 6.33
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Endnotes
                                                            
1 Lake Ontario is the regional water body associated with the City of Toronto 
2 Urban pollution includes debris from cars, dirty roadways, and mobile debris from waste disposal bins. Soil erosion as a 
result of urban runoff can induce chemical imbalances in regional waterways as a result of non-natural conditions 
3 Dockside Green Development team negotiated with the City of Victoria to develop streetscape Bioswales and an 
integrated landscape management strategy to control on-site water. This economic relationship reduced the financial cost 
on the developer. 
4 FEMA Habitat Assessment and Mitigation Section 5.1 
5 A high Water Table level saturates soil with seasonal precipitation as a result of groundwater flow and soil permeability   
6 Landscape Areas are covered in sod, grasses, and native terrain 
7 Vegetation Areas are designated portions of land used to support plant species 
8 Water features are constructed building elements used to contain bodies of water  
9 Paved pathways are Areas that are constructed and designed for human mobility supporting pedestrian and vehicular 
travel 
10 Flow rates are dependent on the type of soil/substrate material 
11 Each City, including the City of Toronto has a list of native agricultural species under categories of urban forestry. 
12 World Health Organization identifies that stagnant water can become a breeding ground for bacteria, diseases and 
parasites  
13 Infiltration refers to the movement of water into the first layers of soil at grade
14 Products such as Alfalfa meal distributed above paved areas provides grip while melting snow. Chemical alternatives 
are also available that do not have any environmental, or health rises to inhabitants or their pets 
15 Toronto Green Roof bylaw prescribes green roof coverage area maximums.  
16 City of Toronto urban forestry listing of plants, trees, etc.  
17 U.S. E.P.A identifies road abrasion and vehicle tyre decay as contributing factors that distribute roadway chemicals and 
metals onto urban waterways 
18 LEEDTM SS c6.1 Stormwater Management 
19 Air Quality Health Index (AQHI) identifies the risk in urban areas as a result of smog. 
20 ASTM standard: “ASTM E2397.05 – Standard Practice for Determination of Dead Loads and Live Loads Associated 
with Green Roof Systems” 
21 Soil Erosion is the washing away of soil content by the flow of water 
22 Refer to Toronto Green Roof Bylaw 492-9 
23 Drainage Grate’s act as filters to stop materials from entering the drain as a result of the size and opacity of the grate 
24 Dockside Green Balcony Planter Boxes. Figure 5.08 Pg. 63 
25 City of Toronto Water Supply Bylaw 851 
26 Section 6.2.2 Pg. 92 Potable Water provisions 
27 World Health Organization identifies health risks related to stagnant water 
28 CDC identifies boiling water temperature as a means to disinfect waterborne pathogens 
29 LEED New Construction Sustainable Sites Credit 1 
30 Federal environmental organizations provide regional weather details and conditions for each city. 
31 Refer to Appendix D. City of Toronto Frost Depth Pg. 3 
32 Toronto Downtown Building Project specifies building podium scaled with reference to streetscapes 
33 Greywater filtration devices installed throughout the NZW household provide an opportunity for inhabitants to 
dispose of their waterborne debris under waste management, rather than wastewater disposal
34 Toronto Municipal Code Chapter 844 Article VI 
35 Toronto Municipal Code Chapter 629-40  
36 City of Toronto Zoning Bylaw Chapter 200 
37 (Chap.2 Pg.26 Fig.2.1.3) 
38 (refer to dockside green for water treatment standards) 
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Chapter SEVEN: NPW Pilot Project 
 
Net Positive Water projects are dependent on the regional habitat to 
provide water resources. NPW On-site Pre-requisites (S 6.1.1) prescribes 
project scale based on sustainable harvesting of available water resources 
on a project site. NPW Residential density is determined by the 
capabilities of a project to support annual NZW at 70 LPCD with 
harvested water resources. The NPW project criteria highlight the 
relationship between sustainable urban water use and project density, 
where residential density is determined by the volume of available water 
resources. 
 
7.1 Residential Density for Sustainable Water 
 
Water consumption has a linear relationship with inhabitant density 
where greater population requires greater water demand. In regions with 
sparse water resources, higher residential density cannot maintain 
sustainable water use as a project site does not have sufficient water 
resources.   
 
“... in some cases tall buildings, imposed on a city or region that simply does not have 
the resources or infrastructural capacity to support them, may push the area over an 
‘environmental cliff’.”1 
 
The ‘environmental cliff’ occurs when inhabitant densities overwhelm a 
project sites capacity to provide sustainable water resources. Urban water 
volatility and instability in the urban water cycle are consequences of the 
environmental cliff that has resulted in the urban water problem. Higher 
residential densities to fulfill urban intensification can be established as 
long as a project does not exceed the ‘environmental cliff’ of non-
sustainable water use.  
 
Architect Doug Farr2 argues that increasing density can better protect 
water resources at a regional level, but high density development creates 
more impervious land coverage that leads to the water quality issues of 
stormwater and urban runoff. Farr’s argument highlights the potential 
for urban intensification to worsen the urban water problem as a result 
of higher density architecture.  
 
The City of Toronto has intensified urban residential density with 
domestic development over the past 10 years3 as a ‘Smart’ growth 
initiative’4. Construction of multi-unit residential projects has increased 
urban density values upwards of 6-8 times the available land area. Higher 
density intensification has increased Toronto’s urban density up to 4,000 
inhabitants per square kilometre in the downtown core.   
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Toronto’s urban intensification will mitigate the burden placed on the 
City’s decaying water infrastructure to distribute water resources over the 
vast City area (Chapter 2, Section 2.1.3). The urban strategy addresses 
the infrastructure and economic issues of Toronto’s urban water 
problem, but it does not account for the environmental impact of 
residential architecture to accommodate increasing density. The urban 
environment has limited land and site area to support sustainable water 
harvesting. Introducing too much residential density onto a limited 
development area can compound the existing urban water problem.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Architect Jason Mclennan establishes his case for limits to development 
density based on regional inhabitation of a given area of land. The size 
and scale of building construction will directly affect the capability of a 
project to capture sufficient water resources. When residential 
architecture is not capable of sustainable water harvesting and Water 
Independence as prescribed in The Living Building Challenge, domestic 
reliance on ‘wasteful regional systems’ will continue to contribute to the 
urban water problem.    
Figure 7.01 
This diagram displays building 
sustainability respective of 
building height. The Living 
Building Challenge associates 
building height with residential 
density, where greater density 
will increase the environmental 
impact of the structure.  
 
 137 
 
Successful examples of residential density that does not contribute to the 
urban water problem are the documented Green Building Case Study 
exemplars of Dockside Green Development and the Vancouver 
Olympic Village – SEFC. The two projects were able to accommodate 
residential intensification through medium density, mid-rise 
construction. Water resources were sourced from sustainable water 
harvesting on each project site for inhabitant and building use. The 
projects mitigated the risk of the ‘environmental cliff’ by establishing 
processes of water renewal that reduced the impact of residential density 
and water demand.  
 
Under the conditions of urban intensification in Toronto and the need 
to address the urban water problem, residential density for sustainable 
water will be derived from the capacity of the project site to provide 
sustainable water resources, and the capability of the project to mitigate 
the environmental impact of inhabitant water use.  
 
7.1.1 Environmental Sustainability of Mid-rise   
 
In light of Toronto’s urban water problem, this thesis follows the 
position that Medium density, mid-rise residential construction is a 
sustainable alternative to urban intensification that can accommodate the 
demands to increase urban density while establishing sustainable water. It 
is the position of this thesis to utilize mid-rise residential construction to 
design towards Net Zero Water conservation and sustainable water 
harvesting in Net Positive Water to combat the urban water problem.  
 
The building typology originates from wood frame and heavy timber 
construction in the 19th century5. Mid-rise domestic buildings were 
constructed across North America as a building solution to satisfy urban 
inhabitation and increasing urban density before the age of high-rise 
construction and the invention of the elevator. Mid-rise building 
typology is a compact and efficient form of residential construction. The 
building scale maintains less building envelope per residential unit than 
comparable high rise and low rise building forms6. 
Figure 7.02 
Existing urban building forms 
including High-Rise, Mid-Rise, 
and Low-Rise building typology. 
Low-rise is not utilized as a 
building form to satisfy the 
demands of urban intensification. 
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Domestic building operation is subject to a sustainability evaluation 
called ‘Passive Survivability’; where sustainable building performance is 
measured based on how long inhabitants can survive with the failure of 
power, heating and water systems. Mid-rise construction developed at a 
time where building operations did not require the active use of 
resources in order to support inhabitants. Inhabitants were able to access 
their units without the use of elevators for vertical circulation. 
Ventilation and fresh air could be accessed by opening windows and 
lower building heights benefited from the passive shade provided by 
urban flora.  
 
The high levels of Passive Survivability in mid-rise construction provide 
a sustainable building platform for household water use. Water 
provisions from municipal utilities were distributed at sufficient water 
pressures to reach mid-rise heights with minimal demands on building 
mechanisms7. Mid-rise plumbing drainage and ventilation requirements 
are able to function off of gravity without mechanical assistance. When 
mid-rise construction was modernized, stormwater drainage and 
plumbing requirements did not have a substantial impact on resource use 
and construction demands.  
 
Beyond the application of Dockside Green Development and the 
Vancouver Olympic Village – SEFC, alternative communities have been 
developed utilizing mid-rise building typology to achieve sustainable 
resource use. Under the prescription of ‘Scale Jumping’ prescribed by 
The Living Building Challenge, building design for resource conservation 
and water renewal has an opportunity for greater success as a 
neighbourhood/district system. Mid-rise buildings in a district scale have 
the capacity to accommodate and share water resources without the 
dependence on municipal infrastructure. Mid-rise building form in a 
neighbourhood scale supporting sustainable water harvesting and water 
renewal becomes a decentralized system, where water resources can be 
diverted from one structure to the next based on resource demand.  
Figure 7.03 
The Solar Siedlung (Vauban
District, Germany) was designed as
a model urban district utilizing
mid-rise building typology to
achieve Net Positive Energy
domestic housing typology. Mid-
rise construction is adaptable to
Active and Passive building
performance for sustainable
inhabitation. 
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Planning in the City of Toronto includes mid-rise construction as a form 
of development to improve urban conditions8. The typology can achieve 
increased inhabitant density and residential intensification without 
dramatically changing the scale of established communities. Successful 
development of mid-rise is recognized to establish a strong visual 
relationship with neighbourhoods where the building is not viewed as an 
individual entity but a nested component of the built environment. Mid-
rise for urban intensification is constructed with mixed-use designations 
including retail, office, and residential space. The mid-rise floor plate 
allowed for varying floor-to-floor residential unit sizes, accommodating 
tenants of varying economic classes and family sizes.  
 
Building integration into the environment is an important performance 
component of sustainable water harvesting. Smaller accommodations in 
mid-rise inhabitation reduce the impact of domestic living on the urban 
ecosystem. Landscape preservation as a result of smaller mid-rise 
building scale maintains land permeability as a component of the urban 
water cycle9. Mid-rise stormwater management can also be implemented 
where landscape areas can absorb on-site precipitation, thereby 
preventing mid-rise construction from contributing to the issue of urban 
stormwater runoff.    
 
7.1.2 Economic Sustainability of Mid-rise 
 
Sustainability must also include the economic feasibility of mid-rise 
construction. Marketing mid-rise residential units offers the same level 
space and comfort as prescribed by high-rise developers for premium 
penthouse units in high-rise condominiums. Selling mid-rise means 
selling the neighbourhood and not just the building, reducing the need to 
attract clientele with the leisure and luxury benefits offered by high-rise 
condominiums.  
Figure 7.04 
The application of mid-rise
construction in existing urban
neighbourhoods is designed to
buffer the density of multi-unit
inhabitation from low-rise
residential housing.  Mid-rise
will also define streetscapes and
Avenue’s that are dedicated to
neighbourhood commerce,
enhancing the pedestrian
condition as a component of
urban lifestyle and economic
development. 
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The sustainable performance of mid-rise has substantial economic 
savings to the typologies operational cost. Toronto’s multi-unit 
inhabitants demand less water for irrigation and landscape management 
per household when compared to low-rise inhabitants10. Water 
provisions are less expensive to deploy as mid-rise building height does 
not require additional mechanical pumps and a multi-tiered system.  
Multi-unit residential construction provides a reduced number of toilets 
per household and this also contributes to improvements in domestic 
potable water performance, reducing the amount of water required for 
waste conveyance.  
 
The sustainable performance of mid-rise domestic typology will also 
yield economic benefits during the development phase. Mid-rise that is 
able to achieve sustainable building performance as prescribed by 
Toronto Green Standard are eligible for waved/fully refunded 
development charges11. This is a significant cost savings to developers in 
light of new increases to multi-unit and retail development charges 
(2012).  
 
Mid-rise domestic typology constructed as apartments rather than 
condominiums avoid the corporate condominium structure that absorbs 
the cost of inhabitant water utilities and in return, charges building 
tenants with a dedicated condominium fee. The fee structure reflects the 
same fixed rate billing conditions that hid the value of water in Toronto’s 
water utility. When inhabitants are made aware of the cost of their water 
provisioning and their volume of water demand, the exposure to 
resource use will instil value for urban water resources.   
 
 
 
 
 
Figure 7.05 
The rendering that has been
attached is a visual
representation of the cultural
and social attributes that are
being sold as an active
component of the City of
Toronto Waterfront
Revitalization. The idea of living
amongst the environment is just
as significant as the physical
construction of the residential
space. 
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7.2 NPW Mid-rise Pilot Project 
The Net Positive Water Mid-Rise Pilot Project is intended to showcase 
the application of The Net Positive Water Guidelines and Standards, 
fulfilling Net Zero Water sustainable urban water use. The project will 
showcase water independent domestic intensification to generate Net 
Positive water quality and urban water renewal as a means to combat the 
urban water crisis. The pilot project is situated in Toronto’s redeveloping 
Port Lands – The Lower Don Lands development.  
 
The project displays the application of the Passive and Active building 
systems that are required to enable domestic construction to harvest, use, 
reuse, and restore urban water. Building design will follow urban building 
considerations prescribed by the City of Toronto and Waterfront 
Toronto for successful forms of domestic typology and urban 
intensification that is needed to establish a sustainable Lower Don Lands 
community.  The Toronto and Region Conservation Authority has 
undergone an in-depth Environmental Assessment (EA) to define the 
environmental parameters of the development area12.   
 
The City of Toronto is witness to a maximum daily precipitation volume 
of 986 mm13, with a total volume of 986L per m3/34.85L per ft3. 
During the winter season where precipitation falls as snow, the City of 
Toronto witnesses a maximum of 399 mm of snow per annum, with a 
total volume of 399L per m3/3.8L per ft3 of water. The water content in 
snow is evaluated at a ratio of 10:1, whereby 1 inch of water equates to 
10 inches of snow. The City of Toronto specifies building standards for 
100-year storm event, where NPW Stormwater Management14 is 
required to absorb and drain 112.72 mm of rainfall in a 10 minute time 
step based on a 24 hour Storm event / Chicago Distribution15.  
 
Water harvesting calculations will be based upon a total NPW site area 
of 7970m2 (Site Plan Fig. 7.16 Pg. 157-58), where the total volume of 
annual Available Water Resources16 that falls upon the NPW 
management area accounts to 7,839,665 litres per annum. 
 
To establish net positive water provisions for annual Net Zero water 
inhabitant use, the calculated NPW management area is able of 
supporting 307 inhabitants at a daily water demand of 70 LPCD. Based 
on City of Toronto’s statistics on the average number of inhabitants per 
multi-unit household, the mid-rise pilot project will accommodate 123 
residential units at a calculated average of 2.5 peoples per unit17. To 
achieve adequate urban intensification and basic spatial requirements as 
prescribed by Waterfront Toronto18, the mid-rise pilot project achieves a 
3.5 times land use density.  
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7.2.1  NPW Site Selection 
 
The NPW pilot project will be situated at the heart of the Lower Don 
Lands on the main development island south of the Keating Channel 
(Blue. Fig. 8.01). The decision to select this land parcel was due to the 
differing array of urban and environmental conditions met at each face 
of the site varying from flood plain and wetland shorelines, to waterfront 
streetscapes, and public transportation infrastructure19. Project site 
selection will describe the environmental conditions on the site area in 
the South, East, North and West.  
   
SOUTH 
 
The Southern conditions of the NPW site face the shoreline of the 
restored Don River Mouth Wetlands. A Streetscape and roadway 
condition buffers between the site and the wetlands to establish a 
naturalized waterfront condition. NPW Dirty On-site management will 
mitigate stormwater runoff into southern streetscape conditions. The 
pilot project is protected by the designated wetlands Floodplain 
boundary prescribed in the Lower Don Lands master plan20.  
Figure 7.06 
This Master Plan displays the five
districts of the future Lower Don
Lands development. The NPW
mid-rise pilot project is situated in
the centralized island, highlighted
in RED. 
Drawing Scale 
1:2000 
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EAST 
 
Land parcels prescribed by Waterfront Toronto and the MVVA Master 
Plan21 outline a North-South oriented land parcel adjacent to the selected 
NPW site (Yellow. Figure 7.07). This thesis prescribes an assumption 
that the associated land will become public park space known as a 
Parkette22. Site frontage facing the Parkette will focus on pedestrian 
engagement and landscape integration under NPW Clean On-site Water 
Management. 
 
NORTH & WEST 
 
Urban streetscape conditions to the North and the West of the NPW 
site designate building scale under NPW Dirty On-site management 
following the sustainable building prescriptions and construction 
guidelines of the Tall Building Downtown Project (TDBP)23 and the 
Municipal Green Building Requirement (MGBR)24. The recognized 
guidelines intend to establish successful streetscape engagement and 
building podium requirements reflecting the City of Toronto’s 
prescription for healthy urban development. The guidelines encourage 
Mid-rise project development and low-rise podium building scale as a 
means to establish sustainable waterfront streetscapes.  
Figure 7.07 
Highlighted in the central
neighbourhood/district is land
designated by Waterfront
Toronto. A North-South strip of
land has been annotated and it is
the position of this thesis that the
land will become public park
space. 
Drawing Scale 
N.T.S. 
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Figure 7.09                                                                                 N.T.S.
The figure above is an aerial illustration displaying the negligible impact of mid-
rise development solar incidence.                                                 
Figure 7.08      Aerial Perspective from the South N.T.S.
The figure below illustrates a mid-rise massing of the centralized LDL
neighbourhood/district. The volumetric masses in PINK prescribe the
maximum building size before a structure inflicts significant shadow on
affiliated neighbouring structures to the North. The volumes are also shaped to
allow for optimal solar incidence.  An approximate massing of the NPW pilot
project is displayed in the centre of the image. All of the massing in BLUE and
WHITE have a range of 6-12 storeys in height, with varying podium heights of
1 to 2 storey. 
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Figure 7.10 
NPW LDL Site Plan 
Scale   1:1250 
 
The NPW project is situated on an
irregular and non-square land parcel 
on the Southern region of LDL’s
largest island.  
 
The property sits adjacent to the
major North-South vehicular corridor 
of the Lower Don Lands to the West. 
 
The associated ‘Parkette’ to the East
will be utilized to route water intake
from the Keating Channel to the
North, and outflow into the LDL
Natural Wetlands to the South. 
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7.2.2 Site Remediation & Restoration 
 
The NPW pilot project is situated in a region where natural groundwater 
flow has been diminished by industrial construction and impervious 
paving. The Port Lands region was established by land reclamation 
where new waterfront land was created with soil and infill materials25. 
Prior industrial land usage has resulted in land contamination and the 
NPW project has been designated as a Brownfield site by the Lower 
Don Lands EA.  Contaminated landscape composition and degraded 
environmental conditions remove the site as a contributor of the regional 
water cycle.  
 
NPW mid-rise will utilize Waterfront Toronto revitalization efforts to 
the benefit of the NPW construction. Waterfront Toronto has 
developed a pilot project for Soil Recycling, whereby Toronto Port 
Lands soil is recycled to remove onsite contaminants and toxins26. The 
prototype facility restores soil content to specified quality levels, thereby 
allowing native soils to remain on-site rather than removing and 
replacing soil content from another site. The soil recycling pilot project 
can facilitate the soil quality and soil demands required for NPW pre-
requisite Brownfield Land Remediation27, removing all of the debris 
that remains from the Previously Developed Site28.  
 
Figure 7.11 
Waterfront Toronto’s Pilot Soil
Recycling Plant located south of the
proposed Lower Don Lands
Development.  
The plant is a solution to remove the
volume of soil that is transported on
and off site, thereby minimizing the
environmental footprint of LDL
development as well as producing soil
content following prescribed
specifications as required for LDL
landscape revitalization. 
Figure 7.12 
The figure above shows the outcome 
of Waterfront Toronto soil recycling 
facilities where contaminated soil 
content is removed. Development on 
the Lower Don Lands requires 
substantial municipal investment to 
remove the threats of urban 
contamination, in addition to the 
threat of 100-year flood levels. 
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When development land is removed from Floodplain conditions, 
regional soils will continue to be subject to high water table and high 
groundwater levels as a result of waterfront geographic characteristics. 
The project site is subject to a High Water Table with high groundwater 
levels, where the project will be required to fulfill NPW On-site Pre-
requisite of Replacement to restore the hydraulic function of the land as 
a component of the urban water cycle.  
 
To rectify hydrology issues that may threaten the foundation of LDL 
buildings, a landscape process prescribed as Wicking29 is utilized whereby 
soil replacement is allowed to settle at an advanced rate. Wicking 
achieves soil sedimentation and compaction by utilizing an extensive grid 
or network of boreholes to induce capillary action30. Groundwater is 
allowed to evaporate out of the soil, thereby removing the threat of 
unexpected soil subsidence that may threaten LDL construction.  
 
The NPW pilot project will specify Silt-Loam grade soil content to 
replace Brownfield remediated land. Agriculture Canada specifies Silt-
Loam soil as quality as a native soil type to Southern Ontario31. Silt-loam 
soil provides optimal water absorption capabilities at approximately 20 
percent of a fixed soil volume. Silt-Loam soil quality will be utilized on 
all NPW pilot project soil content inclusive of below-grade soil 
replacement in NPW On-site and Building management.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.14 
The diagram displays the varying
soil type mixtures and their
material composition. Toronto
has a native soil content of SILT
LOAM type soils in the Don
subwatershed.  
Figure 7.13 
The wicking process ventilates 
substrate soils to accelerate the 
settling of on-site soils. The 
wicking process leaves residual 
holes in the ground.  
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Figure 7.15 
Highlighted is the division of Site Area
into the following categories:
Municipal Management Area
NPW Clean Management Area
NPW Dirty Management Area
(EIA)
N.T.S.
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Figure 7.16
The project layout displays 
the separation of interior 
and exterior landscapes as a 
result of the placement of 
each residential tower.  
Roadways and streetscapes 
are buffered by Bioswales 
and Permeable Paving 
under Dirty on-site water 
management. The 
landscape podium and 
waterway serve as the 
visual and environmental 
emphasis for Clean on-site 
water management.  
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7.2.3 Passive Building Form & Program 
 
The NPW pilot project will be constructed to optimize mid-rise 
residential typology with maximum water harvesting capabilities. To 
achieve the greatest potential for Water harvesting following the 
‘Building as a Sponge’ prescription, the pilot project is designed with 
100% Property Area Coverage. The design of the project will maximize 
the area of Clean Water On-site management to improve the Passive 
water filtration and treatment processes of On-site Passive water storage 
while mitigating the impact of Dirty Water On-site conditions. Greater 
Clean Water On-site area will reduce the volume of water resources 
diverted to Active water treatment processes required by NPW IWT 
standards.  
7.2.4 Building Design 
 
The NPW mid-rise is designed as a four tower structure 
interconnected by circulation pathways. The height of 
the towers ranges from 9 to 6 storeys, with the taller 
towers located to the South of the site (Tower A. Fig. 
7.17) to mitigate the solar impact of the project on 
neighbouring properties. The towers are more slender 
than conventional double-loaded32 corridor construction 
as a result of a Passive design, integrating a single-
loaded33 floor plate configuration. The change in 
building form increases the Passive Survivability of the 
project.  
Mid-rise residential towers are situated above the 
podium and set back from streetscape conditions to 
mitigate the environmental impact of increased building 
height34.  
 
Figure 7.17 
This is an exploded isometric diagram of the NPW pilot
project. The Towers are designed to mitigate the
environmental impact of vertical inhabitation from one mass
to the other. The Podium establishes a clear boundary between
interior landscape and exterior streetscape conditions at grade.
The subterranean Borehole system is displayed to identify how
much volume is required to provide water resources to
inhabitants above.  
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Residential units have a North-South orientation, aligned in a 
longitudinal manor from East to West. The towers are arranged 
in two primary masses situated to the North of the site and to 
the South. A third mass of residential units is situated to the 
East of the property and connects the North-South masses in 
the form of a 3-storey bridge. The resulting shape of the tower 
structures from a Plan perspective is similar to a ‘Ɔ’ shape.  
 
The Southern façade of each residential tower is designed 
following a ‘Saw-tooth’35 prescription to provide multiple axis of 
view for inhabitants in addition to exterior orientation to 
regional predominant winds.  
 
The above grade construction of the building podium is 
designed as a mirror of the residential towers above in the shape 
of a ‘C’. The form provides retail and building frontage to all 
streetscape and roadway conditions of the site on the North, 
West, and South. The building podium also serves as a 
contiguous physical barrier between Dirty Water exterior 
streetscape conditions and Clean Water On-site area.  
 
At the centre of the site is a dedicated landscape podium 
traversing 3-storey in height with a West-to-East orientation, 
where a centralized waterway meanders downward towards 
what is assumed as a public Parkette. The meandering water 
pathway is designed to mimic the natural path of river systems as 
they collect nutrients from sediment and cleanse water resources. 
Affiliated with the waterway is a sediment pond located beneath 
the residential bridge structure to the East of the site, where a 
centralized water treatment utility protrudes from beneath the 
podium structure and into the landscape.  
 
An impervious subterranean level has been designated for visitor and 
resident parking. The subterranean level contains additional building 
storage spaces and locker rooms, with the bulk of building utilities 
situated between the Parking Level and Ground Floor (Fig. 8.13). A 
gated transportation pathway is provided to internalize vehicular access 
within the podium structure with additional loading requirements for 
residents and retail tenants.  
 
A minimum number of parking spaces have been provided, while 
emphasis has been provided for auto share and alternative means of 
transportation. Bicycle storage is situated on the Ground Floor to 
provide easier access and additional emphasis for utilizing non-polluting 
means of transportation.  
Figure 7.18 
Much of the physical scale of the NPW pilot project
is situated below-grade. This isometric diagram
displays the subterranean components of the NPW
pilot project. The idea is to allow harvested
precipitation above to trickle down via
gravity/percolation and into the building systems,
where Clean and Dirty Water management isolates
the resource.  
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Figure 7.19
The Green landscape 
podium under Clean on-
site Water management is 
essential to the function of 
NPW harvesting and 
Banking.  
The landscape is designed 
with a seamless integration 
transitioning from the 
rooftops of podium retail 
into the middle of the site 
where the landscape 
grading slope
to
s downward 
 the ground.  
The downward slope of 
the landscape allows the 
naturalized waterway to 
induce flow into water 
resources allowing the site 
to maintain water under 
naturalized conditions.   
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7.2.5 NPW pilot project Clean Water Building Performance 
 
Clean Water Building performance requires the pilot project to harvest 
and store annual precipitation and snow. All Passive water storage 
devices will feature a multi-tiered design arrangement, where soil content 
and substrate materials are separated by Geotextile fabrics36. The filter 
fabrics are deployed in layers, where solid debris is trapped as stored 
water content travels throughout the storage soil medium. The fabrics 
are required to ensure Passive water filtration occurs as harvested water 
is stored.  
 
Green Roof Coverage 
 
The mid-rise MURB pilot project applies Silt-Loam Type soil storage on 
residential tower Rooftops. Permeable Green Roof coverage will allow 
precipitation to permeate through a consistent depth of 850mm of soil 
medium. The mid-rise pilot project accommodates a 65% Green 
Roof area following the NPW Guideline prescription (minimum 
coverage %).   
 
 
 
 
 
 
 
The Green roof supports drought resistant plantings and native plant 
species37. The water absorption capability of the selected Silt-loam soil 
content achieves 20% absorption. Water overflow into non-green roof 
surfaces will be allowed to trickle back towards supporting planter and 
soil conditions. This requires a re-evaluation for roof-top drainage design 
that will focus water drainage toward soil mediums.  
 
 
Figure 7.20 
The filtrating mechanism of
deployed soil planters is enforced
through the use of Geotextile
fabrics and filter membranes. The
membranes are specified to halt
the flow of particulate materials to
eliminate opportunities for soil
erosion.  
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When soil-based water storage has reached its maximum absorption 
capability of the specified 20% absorption to volume ratio, excess 
water medium is drained into Interior Clean Water Building 
Management. Harvested water medium from Green Roof collectors will 
be diverted into the NPW water cycle where it is directed towards Active 
building functions such as the Capillary Mat systems and Borehole 
Thermal Transient Systems.  
 
Planter Boxes 
 
Greenwater storage is situated on each floor at open-corridor conditions. 
The purpose of the multi-floor engagement is to mitigate the rate of 
stormwater runoff that percolates down a building envelope. Storage 
devices mounted along terrace and circulation space will function as a 
component of an overall Vertical Percolation Strategy (VPS), where 
water percolates from one planter box to the next, until the water 
resources is drained into Interior Clean Water Building Management at 
the bottom of the structure, or building podium.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The building strategy places vertically oriented soil planters on each floor 
to fulfill the NPW Building requirement for a minimum 20% permeable 
coverage on open building surfaces. Each VPS planter box will drain 
water resources downwards as a mechanism to slow the flow of on-site 
water. VPS functions as a water retention system (Sponges), holding 
onto water temporarily and releasing it once the maximum storage 
capacity has been achieved. A trickle-down gravity effect slowly 
percolates water from floor-to-floor. The trickle-drainage is assisted by 
inverted drainage pipes in the form of stainless steel cables from which 
Greenwater attaches itself as it navigates downwards.  
 
Figure 7.21-22 
VPS utilizes each, individual floor
of a structure as an independent
and interconnected opportunity to
capture on-site water resources. 
The slow percolation of water
resources is intended to reduce the
rate of water outflow as a Passive
Water Banking strategy.  
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The effective application of the Vertical Percolation Strategy successfully 
achieves a Passive storage volume that is near equivalent to Green roof 
systems coverage as prescribed by NPW building guidelines (90% of 
Green Roof storage capacity38). Due to the smaller scale application of 
balcony mounted storage, VPS will serve primarily as short term summer 
storage to the greatest effect. The planter boxes are designed to mitigate 
water loss through the use of arborist wood chips39 that help retain soil 
moisture40. Evaporative loss accounts for 10%41 of the stored water 
medium. 
 
Snow or frost that is retained on VPS planter boxes shall stay situated on 
the system so that water is allowed to re-animate as the seasons 
transitions from frost conditions. This will demand construction material 
selections that are resilient to frost damage. VPS planter storage utilizes 
an egg crate drainage & root barrier products that is capable of 
expanding to accommodate frost-soil expansion. The barrier serves as a 
secondary drainage plane to control water resources in the event of an 
overflow.   
 
NPW Green Roof coverage in addition to VPS yields 11% (322,236L) 
of the total Passive Water storage capability of the pilot project42.   
 
Mid-Rise Landscape Podium 
 
The mid-rise landscape Podium will serve as the largest permeable 
Passive area for water harvesting. Following Toronto’s newly prescribed 
Green Roof Bylaw, the mandate for  landscape coverage on the building 
podium roof allows precipitation to permeate into soil content to 
continue the ‘building as a sponge’ strategy. Silt-Loam soil medium will 
once again be utilized for sustainable water harvesting. The landscaping 
will be constructed as a component of the building, integrating weeping 
tiles, infiltration cells, and stormwater drains in addition to a wide array 
of native and drought resistant vegetation. Vegetation will support NPW 
in providing environmental exposure amongst urban waterfront 
conditions. 
 
The calculated performance of the mid-rise constructed podium is 
capable of supporting approximately 2200m3 of designated soil content 
with an immediate absorption capability of 323,491L43. The pilot 
project building podium achieves 63% permeable landscape 
coverage following NPW building standards.  
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NPW mid-rise MURB shall deploy a permeable landscape podium that 
directs Greenwater into a naturalized waterway. The waterway functions 
as a multi-tiered stream that replicates the design of flood plain and 
channelized river conditions. The design induces flow into the water 
medium through gravity to mimic the natural state of the water medium 
in a constantly flowing stream. Water movement through the waterway 
will be continuous throughout the seasons which will eliminate the 
opportunity for frost and ice building within the system.  
 
 
 
 
T
he waterway is designed in a two-tier configuration that duplicates a river 
floodplain. The first tier functions in conjunction with aquatic plantings 
to absorb potential bacteria’s and small particulates that rise to the 
water’s surface. The second tier allows heavier particulates to drop down 
into the lower waterway allowing the water medium to push through 
larger granular and sediment materials.  
 
The waterway is designed to mimic the natural meandering path of a 
River delta condition, a natural phenomenon which serves as a vital 
component in the water cycle. As water travels throughout the waterway 
tiers, the Passive ‘Daylighting’ process will transition post consumption 
Greywater into renewed Bluewater quality, restoring water to a 
naturalized state.  
Figure 7.23
The pathway of the naturalized waterway is designed to induce movement and 
flow for on-site water resources allowing the medium to penetrate soil and
gradient materials as a means to passively purify the resource. Weeping tile and 
substrate fabrics assist in-soil water and direct the flow into the naturalized 
waterway. 
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The waterway establishes a micro ecosystem that replicates the urban 
water cycle whereby Greenwater precipitation is captured by the 
landscape, permeates through the soil medium and flows into the 
naturalized waterway as renewed Bluewater. Water is then collected from 
the waterway and directed into a retention pond so that the medium can 
be redistributed into the NPW cycle.  
 
A retention pond allows remaining waterborne materials to settle to the 
bottom while the water medium is pumped back into the NPW building 
water cycle. Bi-annual Site Servicing and Maintenance of the pond 
will ensure the removal of particulates and debris from the water cycle. 
The retention pond is physically buffered from waterfront streetscape 
conditions with an emphasis on public and pedestrian association to 
improve water awareness.  
 
 
Figure 7.24 
The multi-tier waterway is designed to allow water resources to penetrate into
its supporting soil. The landscape design and application of selective screening
and substrate materials serve to remove any and all solid physical contents from
the liquid medium. The diagram above displays the water medium traversing
through the multiple layers of substrate gradient. Geotextile and filter fabrics
are sandwiched between each layer, trapping and isolating all waterborne
additives.  
Figure 7.25 
Diagram: Retention Pond 
NTS 
A multi-tiered water intake 
withdraws water at multiple 
locations to continuously 
induce flow within the 
retention pond. Sediment will 
continue to fall to the bottom, 
to be removed semi-annually. 
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The combination of the constructed waterway and retention pond results 
in an overall Water Banking volume of 1,539,700L. The large volume 
ensures that on-site water resources can be maintained within Clean 
Water Building management. Under Passive Water Banking as 
designated by NPW building guidelines, the combined storage capability 
of the mid-rise landscape podium and naturalized waterway 
accounts for 65% of the buildings Passive profile. The podium is 
sufficient to storage 1,385,730L44 of Greenwater, a volume that can 
accommodate 25% of the annual precipitation that falls onto the site.  
 
Passive Water Harvesting and Storage Performance 
 
The Total Clean Water Building Passive performance of the mid-
rise pilot project will harvest and store 37% (3,001,494L) of the annual 
available water volume in the NPW Management Area. Design of the 
mid-rise pilot project relegates 77% of the harvested Greenwater 
precipitation under Clean Water On-site management conditions to 
preserve water quality.  
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The following drawings display the total Passive On-site landscape and building 
engagement developed for the mid-rise pilot project following NPW Building 
and On-site Management Guidelines. 
 
Clean Water On-site Vignette 
Green roof systems coverage area
Pilot Project South Elevation
Exterior and Interior Drainage Management 
Diagram
Passive Water Storage Diagram
Green Roof Section 
Building Envelope Section 
Building Podium Section 
 
Figure 7.26 
Clean Water On-site Vignette, Aerial 
perspective towards the Northwest.  
Image taken from the roof of Tower E. Ref 
to Fig. 8.11 Site Plan 
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Figure 7.27
This figure displays the 
coverage of Green Roof 
Systems on the NPW pilot 
project. Green Roof 
systems can support native 
shrub and plant species 
due to the depth of the 
planter design (Fig. 7.20 
Pg. 163)
  Open space corridors are 
covered with glass 
canopies that divert 
rainfall onto Green roof 
systems. This directs the 
resource away from Dirty 
inhabitant pathways. 
 Solar thermal panels are 
i
nstalled to transition solar 
energy in the form of hot 
water transient to meet the 
buildings thermal 
conditioning demands.  
 165 
 
  
 166 
 
  
Figure 7.28 
Podium elevations negotiate the economic demands of urban inhabitation with
retail storefronts while residential units are elevated above. Components of the
NPW cycle are made visible to encourage water use exposure. Passive and
Active water use is displayed by means of the podium Water Feature, VPS, and
overgrowth on Green planter systems on the buildings Green Roof podium.  
Tower elevations do not bear distinctive articulation as each unit is oriented for
maximum ventilation and solar gain.  
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Figure 7.29 
This diagram is a visual
representation of Water Harvesting
on-site utilizing NPW guidelines.
The display showcases the following
strategies deployed for sustainable
urban water management: 
NPW Clean & Dirty Water
Management 
NPW Interior & Exterior
Drainage Management 
NPW Passive Water Harvesting
NPW Active Water Treatment
Systems 
NPW Cycle 
On-site & Building water
distribution reflects prescribed
NPW guidelines. 
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Figure 7.30 
This diagram showcases Active 
and Passive Water Banking. 
Water is ‘banked’ within on-site 
soil volume under: 
Green Roof Systems designed 
for regional water resource 
harvesting. 
Vertical Percolation Strategy in 
planter boxes 
Landscaped Podium and 
Naturalized Waterway 
Borehole Water Storage 
Phase One Water Sediment 
Treatment 
Phase Two UV Water Treatment
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Figure 7.31
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Figure 7.32
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Figure 7.33 
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7.2.6 Active Water Banking as Thermal Transient 
The pilot project accommodates Active Water storage through 
alternative and non-conventional streams of water containment. The 
conventional strategy for building water storage utilizes compact storage 
cisterns or surge tanks. These storage solutions create stagnant water 
conditions that allow stored urban water content to degrade in quality.45. 
NPW mid-rise addresses the water storage issue by emphasizing the need 
to store water in its natural state of water flow as a means to preserve 
water quality46.  
 
The evolution of radiant, water based building conditioning has evolved 
for greater sustainability where potent chemical additives are no longer 
needed. Sustainable thermal conditioning systems can utilize Bluewater 
and Greywater content to function as the thermal energy medium. The 
application of radiant thermal conveyance requires substantial volumes 
of water to provide sufficient building conditioning. Conditioning 
demand establishes the potential to activate radiant thermal systems as a 
means for Active Water Storage.  
 
As derived from prior Case Study exemplars, Capillary Mat Radiant 
Systems and Borehole Thermal Transient Storage (BTTS) are capable 
water based systems that be utilized for Active water storage while 
inducing water flow. (Chap.4 Section.4.2.3 Fig. 4.26 Pg. 65, Chap.4 Fig. 
4.29 Pg.67)  
Figure 7.34 
Net Positive Water – Water 
renewal Cycle. 
Active Water treatment and 
renewal functions in the 
Mid-rise Pilot Project. 
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Capillary Mat radiant conditioning utilizes Potable water as a thermal 
transient to convey conditioning throughout the mid-rise pilot project.  
Mid-rise MURB applications would be deployed as a ceiling application 
of all residential and retail units, creating a large surface/volume for 
Active Water Storage. The mat is made of a system of small, non-
corrosive capillary tubes that are networked together to form a radiant 
membrane for in-ceiling, in-wall & in-floor applications. The system is 
originally designed as a closed-loop where the thermal medium is cycled 
within itself at all times. The pilot project application will utilize the 
capillary mats under an open loop, withdrawing water from Passive 
Water Banking as a component of the greater NPW cycle.  
 
Adapting the closed-loop capillary system into the pilot project is 
achieved by integrating water feed and water return into the greater 
building water cycle. Control systems manage flow rates to ensure that 
the capillary systems are maintained at full capacity. The systems 
application functions in a Parallel configuration, allowing each household 
to specify their thermal demand independent of each other.   
 
An energy module located in each residential unit is utilized to pump the 
necessary volume of water required to fill each in-unit capillary mat. In 
each capillary mat module, Greenwater transient is fed into a condensing 
mechanism that translates thermally energized water into a cooling 
solution during the summer months. The energy unit has a salt brine 
mixture that is sprayed onto the conduits that flow heated water 
transient. The brine condenses into cool vapours that attach themselves 
to a capillary feed, allowing the energy unit to feed cooled water into the 
residential units. The result is cool, radiant air conditioning.  
 
The application of a Capillary Mat radiant system is the sole component 
for in-unit Active Water Banking allowing NPW residential units to act 
as a fully saturated ‘Sponge’. The total storage capability of the Capillary 
Mat network in the NPW mid-rise residential pilot project is capable of 
an immediate storage volume of 2,782L47. Under an open loop 
function following the specified flow rate of the system, the capillary 
system will demand an overall water intake volume of 44,512 litres per 
day to feed a specified duration of 16 cycles. 
 
 
Figure 7.35  
The flow requirements of the system
are required to modulate the buildings
cyclic water functions.  
 
BEKA Capillary Tube Mat 
Mass Filled:     
824g/m2 (without collector) 
Water Content: 0.39L m2 
Operating Pressure: 4 bar 
Flow Rate (Feed): 1.8m3/h 
Flow Rate (Return): 1.7m3/h 
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Figure 7.36 
Capillary Mat System applied to 
typical Net Positive Residential 
Unit as a ceiling mounted 
application.  
The management strategy is 
separated into 4 quadrants such 
that thermal conditioning can be 
provided to each independent 
sector of a household based off 
of the occupant’s location.  
The Capillary Mat Energy Centre 
controls the distribution of 
thermal energy where it is 
required. The entire system 
maintains an even and average 
flow rate to continuously cycle 
water throughout a household.  
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The Mid-rise pilot project will utilize a Borehole Thermal Transient 
System (BTTS) as an Active Water Storage mechanism following the 
success of Drake Landing Solar Community in Okotoks Alberta.  The 
NPW application of Borehole technology will fulfill the duties for 
thermal radiant conditioning as well as cross-seasonal Active Water 
Storage. Utilizing the system under an open loop cycle allows potable 
water to flow to-and-from the capillary mat systems.  The application of 
the Borehole Active Water storage is eased by Brownfield site 
requirements to excavate and remediate site soils before construction.  
 
Borehole technology utilizes the ground as insulation, feeding energized 
(heated) water into each individual borehole to preserve and maintain 
harnessed energy. BTTS applied in the mid-rise pilot project will be a 
subterranean application beneath the project. The borehole network is 
situated beneath the building to store harvested precipitation in 
longitudinal borehole/shafts that stretch 35 metres into substrate soils. 
The installation strategy will isolate the BTTS water medium from 
seasonal frost conditions and allow the system to function without any 
anti-freeze additives.  
Figure 7.37                                   SCALE 1:50
The thermal source for the capillary mat 
system is derived from the NPW BTTS and 
Solar Thermal Array. Heated water transient is 
routed towards the BTTS for thermal and long 
term storage and is provided to NPW 
households via the NPW water cycle.  
Hot Water Transient is represented in Red 
Cold Water Transient is represented in Blue 
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The Borehole system maintains harvested water resources in constant 
motion as thermal energy is stored and released as a component of the 
building water cycle. Water flow is induced by a series of pumps that 
pressurize the system, pushing and pulling the fluid throughout the 
entire borehole network. The Active motion eliminates the static water 
conditions that could lead to bacterial growth and degrading water 
quality. Water is pumped through each 30mm tubule at a variable rate of 
flow to control required temperature demands. The construction of each 
Borehole tubule is made from non-corrosive materials and manufactured 
for leakage prevention.  
 
The BTTS is the largest building mechanism for Active Water Storage. 
The system is designed to hold harvested water throughout the year with 
the deployment of 3650 Boreholes spaced 1m2 apart. Maximizing 
storage capacity of the site will result in a total Active Water Storage 
volume of 5,745,600L. The large volume of Borehole transient water will 
be capable of feeding the 1.6 million litres of water demand required by 
the buildings Capillary Mat system per annum. 
 
The BTTS and Capillary mat network is fed by a roof mounted Solar 
Thermal Array transitioning solar energy into heated water48. A 
high-efficiency solar thermal array is capable of increasing transient water 
temperatures upwards of 80 degrees Celsius at peak efficiency49. High 
water temperatures for thermal conditioning serve an added effect to 
combat the growth of waterborne bacteria as the water is stored50. The 
distribution of water resources to-and-from the array requires insulated 
piping/drainage hardware where the required plumbing is exposed to the 
exterior environment. (Fig. 7.31 Pg. 179-80).  
 
Booster Pump Systems will be utilized in the pilot project to mobilize 
water resources and connect the multitude of building systems as a 
continuous water cycle. The pumping technology is a common 
application in modern MURB development and successfully supplies 
urban building typology with water51.  
 
 
Figure 7.39 
Enerworks was the chosen 
manufacturer designated to deploy 
the roof mounted STE, solar array 
in the DLSC. The Mid-rise Pilot 
Project will utilize chosen 
technology with proven 
performance capability.  
Roof mounted solar thermal panels 
do not interrupt the function of 
Passive Green Roof harvesting. 
Figure 7.38 
The borehole system permeates 
heat from the energized water 
transient into the surrounding 
soil. Soil content is a capable 
medium to store the heat and 
transfer the resource back into 
the transient. 
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Booster pumps are a series of variable speed electrically driven pumps 
that force water through a buildings plumbing network. To optimize the 
system of pumps, operations will be split between Primary and 
Secondary pumping utilities. The first primary use for booster pumps is 
to ensure the operation of Potable and Non-potable water provisioning 
to NPW residential households. Water is pumped into secondary 
distribution pumps at the base of each residential tower and then 
directed to each residential unit.  
 
The second primary function is to induce Active and continuous flow 
throughout NPW thermal transient network. Booster pumps will be 
utilized for multiple tiers of building function including Capillary Mat 
transient conveyance, Borehole transient conveyance, Solar Thermal 
energy conveyance, Water Feature water flow and the adequate water 
provisioning for the NPW naturalized waterway.  
 
For the buildings Thermal Water Cycle, water is withdrawn from the 
Passive waterway and diverted into the buildings water treatment facility 
(WT.r1-r2 Fig.7.42 Pg.193-94). Booster pumps feed the structures roof 
mounted solar thermal array to embody the water medium with thermal 
energy. Once the water has becomes energized, it is pumped into the 
Borehole system for Active Water Storage.  
 
From the Borehole system, pumps will feed the NPW residential 
capillary systems to provide thermal conditioning. The pump system will 
then withdraw water from the thermal cycle and reinitialize water 
processing by delivering the medium into water treatment before the 
water is reintroduced into the Passive naturalized waterway. Heat 
exchanges are also utilized to remove auxiliary thermal energy from the 
medium, which is re-directed back into the structures water treatment 
systems.  
 
The following drawings display the Active Water Storage requirements 
placed on the Mid-rise pilot project: 
 
Pilot Project East Section 
Pilot Project South Section   
Borehole Thermal Transient Storage network 
Ultrafiltration and Ultraviolet water treatment facilities and  
Waste Management facilities 
 
 
Figure 7.40 
Booster pumps can be
designed to induce flow into a
flow medium at variable rates
of speed. This can help slow,
and increase the rate of
thermal transient based on
inhabitant demand.  
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Figure 7.41
The structural requirements of NZW residential units is 
similar to conventional multi-unit residential construction. 
Vertical light wells buffering units from corridor conditions 
allow indirect light penetration to the Northern face.  
VPS planters elevate the landscape environment onto each 
floor of the structure. They also activate tower elevations as 
a component of Water Banking. 
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Figure 7.42 
Soil content situated on the landscape podium is a component of Clean water 
on-site management and it is utilized for Water Banking. Soil content is 
supported by a structure of infiltration cells that allows water percolation and 
drainage into the NPW Active systems such as WT.r1 and r2 water treatment 
mechanisms and the Borehole thermal storage system.  
The podium elevates landscape conditions into residential inhabitation 
encouraging water awareness. 
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Figure 7.43
The borehole system covers 
the bulk area of the site 
beneath the buildings 
foundation. The system 
stores heated water transient 
that is harnessed from the 
roof top solar thermal array. 
The installation has been 
designed as two ‘Strings’ 
whereby borehole transient 
is partitioned into two 
compartments. This allows 
the half of the system to be 
shut down for repairs.  
Hot water demand is 
withdrawn from the 
core/centre of the borehole 
grid, while Cold water is 
withdrawn from the 
periphery as heat radiates 
outward. 
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Figure 7.44
Active water treatment an
w
d 
aste management places 
greater spatial demands on 
the building typology.  
The structural requirements 
to support the naturalized 
waterway and landscape 
podium result in a 
subterranean application for 
water Ultrafiltration and 
Ultraviolet treatment 
processes. 
Harvested rainwater is 
processed in WT.r1 & r2 to 
be diverted to the solar 
thermal array, borehole 
storage system, inhabitant 
demand, and naturalized 
waterway.  
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7.2.7 Dirty Water Building Management 
 
The volume of annual precipitation that is harvested in the Dirty Water 
On-site Management area (Fig. 7.50 Pg. 203-04) is calculated at 
approximately 23% (684,000L) of the projects Passive water storage 
and harvesting profile52. To optimize the efficiency of water treatment 
processes, Dirty water from exterior streetscapes, parking, and pedestrian 
pathways will be pre-filtered before water resources are drained into 
water treatment facilities. Pre-filtration is achieved by utilizing Bioswale 
allocations in Dirty Water On-site Management (Fig. 6.11 Pg. 114).  
 
Streetscape Bioswale’s function under the same premise as Passive 
landscape and Green roof activation, utilizing soil content, 
aquatic/landscape vegetation, and multi-tiered substrate fabrics to ensure 
the separation of urban debris from the water medium. Bioswale’s have 
been placed as a buffering strategy to isolate and stop roadway debris 
from the Municipal Management Area into the NPW Management Area.  
 
 
 
The mid-rise MURB will deploy a two-tiered water treatment program 
designed to manage water for inhabitant use in addition to building 
system use. The first tier of water treatment will be based on the removal 
of contaminant and waste materials. The second tier will focus on 
managing the quality of water with respect to bacteria and health 
considerations. Active Water Treatment processes will renew Dirty 
Water resources to Non-Potable, and Potable water quality.  
Figure 7.45 
Active water treatment is 
targeted towards Greywater 
and Blackwater. Separating 
water waste is essential as 
the water medium must 
satisfy NPW standards 
before it is returned to the 
NPW water cycle. The two 
treatment systems act in 
unison to cleanse water 
resources.  
Active water treatment has a 
large capacity with the added 
capability to ensure 
Greenwater and Bluewater 
quality on-site.  
 192 
 
NPW mid-rise MURB shall deploy Canadian based GE 
Zenon/Zeeweed modules for sediment and waste processing53 
following the success of Victoria’s Dockside Green Development. The 
system processes all water content from the NPW Management Area to 
remove sediment and bacteria from water resources. The system traps 
Dirty waterborne debris and human waste solids through varying gauges 
of stranded Ultra-fibers. The fibers utilize patented microscopic pores 
that physically block all suspended solids, producing Non-Potable water 
output.  
 
Active water treatment must achieve a Class IV Wastewater Treatment 
Plant classification by the Environmental Operators Certification 
Program54. The Zenon module is capable of processing 25 gallons per 
minute (5.68 m3/h) to effectively managing all of the wastewater in the 
pilot project55. The treatment module consists of a steel sausage tank 
bioreactor and Ultrafiltration assembly. The pilot project is a small 
application as the technology has been developed for community and 
district scale installations.  
 
 
 
 
The treatment system will leave residual partitioned waste solids from 
the Blackwater processing. It is expected that a daily sum of one garbage-
bag worth of de-hydrated Bio-solids will produced. Building 
management will designate specialized waste facilities to transition 
outbound waste material into usable compost. To ensure cleanliness and 
sanitation, the NPW MURB will replicate management methods 
developed by Dockside Green to produce brick form waste modules 
through specialized compression equipment. A designated waste 
management room is allocated adjacent to the NPW treatment facility on 
the PARKING.level.ONE floor (WS.r Fig. 7.44 Pg. 197-98).  
 
Figure 7.47 
Zenon Module located at the
head office in Oakville, Ontario.
Forefront Initiatives Inc. is the
prominent installer for this
technology. 
Figure 7.46 
Zenon Zeeweed membranes
developed and installed in
cassette form. System design
allows for easy replacement and
water quality assurance.  
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The second tier of NPW water treatment utilizes Trojan Technologies 
Ultra Violet Water Disinfection technology to establish Potable water 
quality resources. Ultra Violet technology is only effective when water 
content achieves a minimum quality that allows light to pass through the 
medium. UV technology requires sediment removal from Zenon 
Ultrafiltration. The function of the treatment mechanism is capable of a 
maximum treatment rate up to 7.6 litres per minute.   
 
The new technology by Trojan Technologies is capable of removing 
bacteria, waterborne diseases, and other micro organisms that are 
traditionally removed with chemicals (Chap. 5 Fig. 4.11 Pg. 54). Ultra 
violet light is emitted through specialized bulbs and penetrates the pre-
treated water content from the first treatment tier. The light works in the 
same way as daylight, where ultra violet light capable of destroying all 
bacteria content in addition to removing unwanted odours.  
 
UV water treatment maintains Clean water quality throughout the NPW 
building cycle without the use of harmful chemicals and the unnecessary 
removal of waterborne nutrients. All thermal storage systems including 
the Solar Thermal Array, Capillary Mat system, and Borehole Thermal 
Transient Storage rely on UV treatment to ensure the quality of water 
that is being utilized as an energized water transient. Water features and 
the naturalized waterway rely on UV treatment to ensure the safety of 
water contents in the pilot project.  
 
The UV water treatment system will also be utilized to assess inbound 
harvested Greenwater and Bluewater. Water quality assessed as 
Greenwater and Bluewater will be allowed to bypass treatment processes 
to prevent system redundancies. This will require an integrated control 
system that recognizes onsite water under the four key water quality 
categories56. The capabilities of the treatment system as well as a staffed 
operational facilitator will ensure the health and safety of inhabitants in 
cooperation with regional health regulations.  
 
Potable water output shall be inspected by an On-site engineer once a 
week with health results delivered to public health authorities. This 
reduces the cost to maintain public health inspections as delivery to 
water inspection laboratories is a much more cost effective process than 
the alternative public health site inspection. Output potable water shall 
be directed towards NPW residential units for NZW provisioning via a 
system of primary and secondary pumps.  
 
 
Figure 7.49 
The application of the UV
treatment systems are deployed in 
WTr.2 Fig. 7.1.9 Pg. 197-98 
Figure 7.48 
Clear Quality water is passed
through the Ultra Violet lighting
tubes and penetrates waterborne
bacteria, thereby killing it.  
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The water treatment capabilities derived from the combination of 
Ultrafiltration and Ultraviolet treatment have sufficient treatment 
capacity to intake excess water content beyond the volume of sustainably 
harvested water resources from the NPW Management Area. The pilot 
project has the treatment capacity to withdraw stagnant water from 
associative waterways such as the Keating Channel (Fig. 7.10 Pg.151) to 
function as a mechanism for urban water renewal. The channel is subject 
to poor water flow and decaying quality conditions, making the waterway 
an ideal candidate for additional water treatment.  
 
The NPW building cycle will pump inbound waters from the Don River 
system via the Keating Channel and processes urban waters to ensure 
Clean Water quality. Water output from the NPW cycle will be delivered 
into the Lower Don Lands revitalized wetlands. The additional treatment 
capacity allows the pilot project to function as an integrated component 
of the urban water cycle, establishing regional water renewal.  
 
The following drawings display the scale and application of Dirty 
Building and On-site Water Management on the Mid-rise pilot project.  
 
NPW Dirty Management Area 
South Streetscape Section 
Active Water Treatment Systems Section 
Dirty Water Building Management Areas 
Waste Management Areas  
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Figure 7.50
Dirty Water management 
surrounds the entire 
boundary of the site and 
the area consists of 
permeable paving and 
Bioswale solutions to 
mitigate the impact of 
Dirty streetscape 
conditions on the project 
and the NPW cycle. 
Pedestrian pathways are 
designed to slope away 
from the building and 
into dedicated drains 
designed to direct dirty 
water directly into NPW 
IWT.  
Roadways and parallel 
parking locations are 
subject to infiltration 
Gallery management.  
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Figure 7.51 
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Figure 7.52 
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Figure 7.53
Streetscape engagement from 
podium retail units follows a 
conventional engagement 
reflecting the City of Toronto 
and Waterfront Toronto’s 
urban development schema.  
Water treatment displays and 
water pumping mechanisms 
are associated with 
streetscape and landscape 
conditions to increase the 
exposure of water processes 
and the NPW cycle.  
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7.2.8 Net Zero Water Residential Units 
 
Net Zero Water residential units situated in the Mid-rise pilot project is 
provided with independent Potable, and Non-Potable water provisions 
for inhabitant use. Potable and Non-Potable water is independently fed 
from the buildings water treatment systems once the quality of Potable 
water provisions has been inspected. Potable and Non-Potable water 
drainage is directed into the buildings water treatment infrastructure as 
Greywater. Post-consumed Greywater is filtered under NZW 
management, separating inhabitant debris while water resources are 
drained into UV treatment mechanisms to removal remnant bacteria.  
 
Monitoring and metering stations are situated at each location of Non-
Potable and Potable water demand in unit Kitchens, 
Lavatories/Washrooms, and Bathrooms as prescribed by Net Zero 
Water Guidelines and Standards. The monitoring devices display the 
Time-of-Use and economic cost of use of water resources based on the 
number of inhabitants that are pre-programmed into household 
monitoring systems. Monitoring performance is based on the number of 
inhabitants in each residential unit multiplied by Net Zero Water 
   .yad rep atipac rep sertil 07 ta esu elbaniatsus
Figure 7.54                     SCALE 1:50
Active water metering and monitoring
devices will be installed following the
‘PowerTab’ systems applied in
Dockside Green. 
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The following drawings display the water provisioning and drainage of 
Net Zero Water residential units situated in the mid-rise pilot project: 
 
Diagram NZW Potable and Non-Potable Plumbing network 
Net Zero Water Unit Design Plan 
Net Zero Water Unit Potable and Non-Potable water provisions Unit 
Design Plan 
Net Zero Water Unit application situated in the mid-rise pilot project 
Third Floor Plan 
Vignette of perspective from the Net Zero Water Unit application  
Typical Mid-rise pilot project residential floor layout   
Figure 7.55
This is a diagram of the plumbing
requirements for the NPW pilot project. 
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Figure 7.56  
The following is a 
diagrammatic layout of 
typical NZW residential 
units designed for the 
NPW pilot project. The 
units are designed for 
Potable and Non-Potable 
water provisions.  
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Figure 7.57 
This diagram displays the 
provisioning of NZW
Potable and Non-Potable 
water locations in PLAN. 
An optimal operational 
area is prescribed to reduce 
the volume and complexity 
of in-unit building 
plumbing systems. Note 
that Kitchen and 
Lavatory/Washroom 
Faucet’s are the only 
location for Potable water 
provisioning.   
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Figure 7.58
The third storey must function 
to pump NPW resources as a 
component of the water cycle. 
Water is fed up from Mech.r 
pumps on the Ground floor 
and into the podium Water 
Features and Waterway.  
All inhabitant pathway paving 
is permeable and drains 
towards associative landscape 
area and rooftop planters. 
Inhabitants are encouraged to 
inhabit amenity and landscape 
areas to emphasis 
environmental exposure and 
Passive living conditions.  
The Net Zero Water residential 
unit application is situated in 
Tower B.  
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Figure 7.59
Water provisioning in the 
NPW building follows NZW 
residential unit demands 
whereby each unit requires 
Thermal water feed, Potable 
water feed, and Greywater 
feed.  
Refer to Fig. 7.55 Pg. 212 for 
NPW plumbing and drainage 
distribution. 
Refer to Fig. 7.36-7 Pg.187-88 
for in unit NPW Active 
thermal conditioning 
mechanisms  
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Figure 7.60 
Viewpoint and environmental 
perspective from Net Zero 
Water Unit Balcony.  
N.T.S. 
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7.3 Conclusion of the Mid-rise Pilot Project 
 
The NPW pilot project is an exercise to display the architectural 
considerations of Passive and Active water processes to achieve cyclic 
water use and water renewal. Water independence is achieved such that 
residential inhabitants no longer depend on the aging infrastructure of 
municipal water utilities. Sustainable water harvesting mitigates the 
impact of urban intensification and building form on the urban water 
problem. Sustainable water use as a result of sustainable water harvesting 
enables the NPW pilot project to integrate as a sustainable component of 
the urban water cycle. 
 
NPW and NZW requirements are satisfied by the ‘Building as a Sponge’ 
strategy utilizing Passive and Active mechanisms to store harvested water 
resources. The project showcases that mid-rise building typology has the 
capability to support urban residential intensification in addition to 
combating the urban water problem. The building methodology achieves 
a calculated level of performance to generate Net Positive Water. 
 
7.3.1  Net Positive Water Building Performance 
 
The performance of the pilot project has been calculated based on a 1-
year operational duration to produce Net Positive Water quality beyond 
the requirements of Net Zero Water inhabitant demand. The cumulative 
volume of the mid-rise pilot project through Active and Passive 
strategies accounts to a total annual storage capacity of 8,465,935L. This 
volume is greater than the total annual precipitation volume sustainably 
harvested at a calculated maximum of 7,839,665L. Under the design of 
Guidelines of Net Positive Water, the mid-rise pilot project is able to 
achieve water independence through On-site water storage.  
 
Passive Banking accounts for approximately 32% of the Building 
as a Sponge performance profile while the Active Borehole and 
Capillary thermal systems make up the remaining 68%. The 
calculated capacity of the mid-rise construction is designed to support 
the total expected number of 307 inhabitants on site at 70LPCD NZW 
consumption without any Potable water demand on the municipal water 
utility. An excess Banking capacity of 626,289L (8%) has been 
achieved beyond the annual precipitation volume to supply against 
evaporative loss, overuse from NZW inhabitants as they adhere to NZW 
conservation targets, and reserve clean water resources as a result of Net 
Positive Water treatment processes.    
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Multi-year building operation accounts for a compound sum of water 
resources harvested each year. Positive Water contribution can be 
affectively achieved after the first year of building operation. Multi-year 
building operation enables the building to harvest a greater sum of 
sustainable water resources, but the sum will inevitably overwhelm the 
buildings water storage performance capacity.  
 
This is not a detriment to the capability of the pilot project, as Net 
Positive Water quality can be generated continuously under the buildings 
water cycle. The result is a building that can contribute positively to 
regional environmental renewal as NPW harvested resources must be 
released from the site. The release of the water is of potable and beyond 
tertiary quality, enabling the NPW pilot project to function as a 
component of the urban water cycle. A Positive Water contribution of 
8,465,935L57 can be generated at the end of the 2nd year of pilot 
project operation and a concurrent sum of the same volume each 
and every year.   
 
All supporting Net Zero and Net Positive Water calculations have been 
provided in Appendix E, Section One & Two. 
 
7.3.2  Net Positive Water Matrix 
 
The Net Positive Water Matrix outlines the relationship between the 
Passive and Active capabilities of NPW building typology. The matrix 
consists of a series of tables displaying the allocation of project 
responsibilities for sustainable water storage and water treatment. The 
focus of the matrix is to identify how sustainable water, generated in 
NPW building form is able to establish Positive water quality and 
quantity.   
 
The emphasis of the matrix will focus on the Passive capabilities of a 
project. Passive water storage in landscape soil medium naturally filters 
and separates urban debris from harvested Clean water. Bluewater Water 
Features and the pilot project Waterway utilize natural ‘Daylighting’ for 
Passive ultraviolet treatment to maintain Clean water. NPW Bioswale 
landscape elements utilize the Passive capability of resilient vegetation 
and native plant species to filter Dirty water.  
 
Positive water performance will be shown based on a 1-year operational 
timeline. The NPW building cycle continuously replenishes water 
resources and releases water content.    
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Table 7.1 
Building Cases 1 through 9 establish simplified ratios between Passive 
and Active water storage and the resultant capacity for NPW building 
typology to Passively filtrate/treat water. Case 1 displays a 90% Passive 
water storage capability reflecting the maximum Passive water 
filtration/treatment capability. Case 9 displays a 10% Passive water 
storage capability reflecting a minimum Passive water 
filtration/treatment capability.  
 
 216 
 
 
 
 
 
 
 
 
Table 7.2
Although Passive water storage maintains Clean water conditions, Passive
water storage resources are subject to Active water treatment processes.
The design of Active water treatment must have sufficient capacity to
treat all project water resources. The process of water treatment is
continuous. 
Table 7.3
Passive water filtration adds additional capability and capacity to the NPW
pilot project to treat water resources. Passive water filtration is a ‘by-
product’ of Passive water storage for annual NZW inhabitant use. Passive
water storage in NPW on-site conditions duplicates the water renewal
capabilities of a natural landscape in the urban water cycle. 
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Table 7.4-5 
Stored water resources in Passive Clean water conditions will only
require Ultraviolet disinfection and treatment to remove harmful
bacteria’s without the need for Ultrafiltration sediment treatment. The 
result is excess Active water treatment capability without the need to 
increase Active water storage.  
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Table 7.6-7
The relationship between Passive and Active water treatment and filtration 
establishes excess Active water treatment capacity. Excess treatment
capability can be utilized to generate a Net Positive quantity of Clean water 
under an open loop system in the NPW building cycle. An open loop of 
Dirty water intake and Clean water outflow allows the NPW mid-rise pilot 
project to generate a Net Positive quantity of Clean quality water.  
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Endnotes:
                                                            
1 Roaf, Sue. Ph.D. 2009. Adapting Buildings and Cities for climate change, A 21st Century Survival Guide. Second Edition. Chap.12-
Pg.253 
2 Doug Farr, Author of Sustainable Urbanism: Urban Design with Nature is a building specialist for Green building and 
Green neighbourhood development.   
3 Based on City of Toronto Census profile from the year 2001-2011 documenting population increase in conjunction 
with increases in occupied dwelling units 
4 Smart Growth is a development initiative to ensure strong economics, build strong communities, and create a clean and 
healthy environment 
5 Known as ‘Chicago Construction’, Balloon framing methods were utilized in Canada.  
6 Mid-rise construction benefits proposed by the City of Toronto Mid-rise Symposium exploring Mid-rise construction 
7 Domestic water pressures are distributed in excess of 85-100 psi   
8 The following municipal organizations encourage mid-rise construction to improve urban streetscapes: 
City of Toronto references, Avenue Studies, Transit City, Tall Buildings – Inviting Change in Downtown Toronto, 
Toronto Green Standard, Mid-Rise Symposium, Main street initiative, Zoning By-Law Project, Tower Renewal 
9 Canadian Mortgage and Housing Corporation has documented increased water sensitivity in urban design Refer to 
urban water crisis impervious surfaces leading to urban water volatility 
10 City of Toronto, Toronto Water, Water Facts 
11 Toronto Green Standard will wave development charges based on sustainable building performance 
12 http://trca.on.ca/the-living-city/green-infrastructure-projects/environmental-assessment-projects/don-mouth-
naturalization-and-port-lands-flood-protection-project/whats-new.dot 
13Maximum precipitation volume provided by the City of Toronto – Toronto Water 
14 Refer to Chapter 7 Section 7.1.0 Pg.117 NPW On-site Pre-requisites 
15 Chicago Distribution is the name of the urban storm drainage design adopted across North America 
16 Refer to Chapter 7 Section 7.1.0 Pg.117 NPW On-site Pre-requisites 
17 City of Toronto – Toronto Water – Water Facts Appendix A – Section 1 
18 Waterfront Toronto Minimum Green Building Standards for diversified multi-unit residential building typology 
19Waterfront Toronto – Lower Don Lands Master Plan. 4WS. Michael Van Valkenburgh and Associates Landscape 
Architects 
20 The Wetlands Floodplain Boundary was prescribed by the City of Toronto Wet Weather Flow Master Plan – Lower 
Don Lands 
21 Master Plan to re-naturalize the mouth of the Don River http://www.mvvainc.com/project.php?id=87 
22 A Parkette is a name designated for a small, linear, discontinuous parkway within the City of Toronto 
23 Toronto Downtown Tall Building Performance Standards. 
http://www.toronto.ca/legdocs/mmis/2012/te/bgrd/backgroundfile-44939.pdf 
24 Waterfront Toronto Municipal Green Building Requirements. 
http://www.waterfrontoronto.ca/uploads/documents/2011_01_31_mgbr_final_issued_2_1.pdf 
25 Toronto Port Lands - Reclaimed land. http://www.dcsltd.ca/images/Project%20Sheet-
Toronto%20Portlands%20%28TEDCO%29.pdf 
26 Waterfront Toronto – Toronto Port Lands soil recycling facility. 
http://www.waterfrontoronto.ca/explore_projects2/port_lands/unwin_avenue_improvements 
27 Net Positive Water Pre-requisites - Brownfield remediation Chapter 7 Section 7.1.0 Pg 118 
28 Net Positive Water Pre-requisites – Previously Developed Site Chapter 7 Section 7.1.0 Pg 118 
29 West Don Lands – Wicking post Brownfield Remediation. http://donwatcher.blogspot.ca/2009_07_01_archive.html 
30 Capillary Action is the ability for liquid to flow in narrow spaces without any form of assistance 
31 http://cfs.nrcan.gc.ca/projects/101 
32 Double-loaded construction is a conventional design where a circulation pathway is centralized within a residential 
building, and residential units are situated on either side of the pathway 
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33 Single-loaded construction is a non-modern design methodology for mid-rise and low-rise construction where the 
circulation pathway is loaded on a single side of the building  
34 Buildings with flat, uniform facades act as a barrier for wind. The resulting affect is a downdraft condition where wind 
is physically forced downwards. This condition can increase the volatility of at grade urban conditions 
35 The PLAN Drawing of each unit has a layout design reflecting the physical shape of a saw 
36 Geotextile fabrics are installed between different substrate materials to prevent material erosion by maintaining 
material separation. The Geotextiles also trap large sediment debris while water moves through the material 
37 Refer to Appendix C Native Shrubs Listings Table No. 1 
38 Refer to Area Calculation in Appendix E Section Two. Net Positive Water. No. 30/ No. 29 represented as a Percentile 
39 Mulch for landscape water retention. http://www.puyallup.wsu.edu/~linda%20chalker-
scott/horticultural%20myths_files/Myths/magazine%20pdfs/Woodchips.pdf 
40 Arborist woodchips are utilized on surface landscape conditions, allowing substrate soils to retain moisture. Dr. Linda 
Chalker-Scott. Associate Professor and Extension Urban Horticulturist WSU Puyallup Research and Extension Center. 
http://www.puyallup.wsu.edu/~linda%20Chalker-Scott/ 
41 Johnstone, K. & Louie, P.Y.T. (1983): Water Balance Tabulations for Canadian Climate Stations. Canadian Climate 
Centre, Environment Canada. 8-83. 14pp. 
42 Refer to Area Calculation in Appendix E Section Two. Net Positive Water. No. 15 
43 Refer to Area Calculation in Appendix E Section Two. Net Positive Water. No. 22 
44 Refer to Area Calculation in Appendix E Section Two Net Positive Water No. 23 
45 24-hours is the maximum duration for stagnant Greywater storage before quality begins to degrade 
46 Refer to Figure 5.10 Pg. 65 
47 Refer to Area Calculation in Appendix E Section Two. Net Positive Water. No. 40 
48 The flow rate between the Enerworks S.T.E. is controlled by an STE control module located on the building rooftop. 
The module distributes heated Clean water transient at a ranging rate of 0.072m3/h to 0.046m3/h based on thermal 
demand.  
49 Refer to Chapter 5, Section 5.3.1, Pg. 80 
50 Health Canada identifies 95% of waterborne bacteria’s begin to die above the temperature of 60 degrees Celsius where 
heated water retains Clean water quality.  
51 CMHC booster pumps for water savings and pressure maintenance. http://www.cmhc-
schl.gc.ca/en/inpr/bude/himu/waensati/waensati_016.cfm 
52 Refer to Area Calculation in Appendix E Section Two. Net Positive Water. No.31c. 
53 The specification for the system has been referred upon in collaboration with the manufacturer (GE Water – Canada) 
54 ECOP – Environmental Operators Certification Program is a required standard for water treatment operators. 
http://www.ecop.org 
55 The maximum treatment volume per annum is rated at 49 million litres per the specified module size 
56 Aqua-Tex Scientific Consulting Ltd. Is the leading company to manage and operate privatized water treatment facilities 
in Canada 
57 Refer to Area Calculation in Appendix E Section Two. Net Positive Water No.32a. 
Endnotes:
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Chapter EIGHT – Net Positive Water to combat the urban 
water problem 
Net Positive Water to combat the urban water problem generates 
positive water quality as a result of Net Zero Water conservation. NPW 
domestic typology sustainably harvests sufficient quantities of water 
resources to provide for sustainable NZW inhabitant water use. Positive 
water quality is generated with the renewal of water resources after 
inhabitant use. 
8.1 Existing and Potential barriers for Net Positive Water  
The first and foremost consideration for Net Positive Water is the need 
to amend to existing municipal health and safety standards for water 
treatment and water reuse. Existing health regulations in the City of 
Toronto specify that Greywater and Blackwater under conditions where 
the medium has been cleaned, treated, and renewed to tertiary and 
beyond tertiary levels cannot be reused for potable intake if the medium 
has been processed outside of the municipal water utility. City 
regulations continue to mandate Blackwater treatment under municipal 
control, and this fact will halt NPW architecture unless treatment 
processes within the building typology are controlled and regulated 
under the municipal utility.  
 
The operation of water treatment systems within the NPW mid-rise pilot 
project requires highly skilled technicians. Case study exemplar Dockside 
Green utilized a water professional with BNR (Biological Nutrient 
Removal) education primary and secondary classification, anaerobic 
digestion, fermentation, sand filtration, chlorine disinfection, and lift 
station operation (wastewater pumping). She also possesses MWT-III of 
the Environmental Operators Certification Program. The industry of 
sustainable water management and water treatment is still in its infancy 
and there may be a lack of skilled operators to fill those positions.  
 
The design for cyclic water use and sustainable, self-sufficient water 
provisions reflects the natural processes of the urban water cycle. Cyclic 
water renewal would continue much like the urban water cycle under 
natural, uninterrupted processes but this prescription has been proven to 
be vulnerable to the affects of current day urban inhabitation. Cyclic 
water renewal cannot be successful in NPW residential typology if NZW 
is not achieved. If water conservation cannot reach the specified target 
of 70 LPCD and overconsumption begins to dominate as a result of the 
failure of architectural inhabitant engagement, a toppling affect will 
impact the entire function of the NPW building typology.  
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8.2 Implications and Recommendations for future 
implementation 
 
Outside of the achievement of Net Positive water in the mid-rise pilot 
project, external environmental factors and economic considerations 
should be explored for Net Positive Water to become a viable form of 
domestic urban intensification.  
 
Developers in the City of Toronto rely on increasing residential density 
to establish profitable urban development. Net Positive Water in the 
mid-rise pilot project is dependent on residential density to establish 
sustainable use of available water resources that can be harvested on a 
fixed property area. There is a potential for future, higher density 
implementation of Net Positive Water that can overcome the density 
dependence by increasing a projects capacity for Active water storage 
and Active water treatment.  
 
Under density calculations for floor space ratio imposed by local 
governments, the space required for the application of wastewater 
treatment systems should not be counted as a part of the buildings floor 
space ratio. When the area required for water treatment systems is 
exempted from the development total, a more accurate impact of 
inhabitant  density is established.  
 
Net Positive Water may be plausible on even higher density development 
as sustainable water harvesting functions as a continuous flow of water 
resources. When a project is capable of storing sufficient volumes of 
water while mitigating the environmental impact of building form, Net 
Positive Water could be generated without the threat of residential 
density exceeding the ‘environmental cliff’.  
 
In a district scale application of Passive and Active water storage, the 
capability of the greater area to harvest water resources is substantially 
increased. A District scale application for water treatment and water 
harvesting as deployed by Dockside Green and The Millennium Waters 
Vancouver Olympic Village – SEFC is a more resilient application of 
Net Positive Water. Buildings within a district application can rely on 
neighbouring buildings to provide water resources in the event of an 
emergency (i.e. fire). This would remove the dependence on the 
Municipal water system as an emergency water source in addition to 
establishing increased resource security in the event of water scarcity.  
 
 
 
The cost to construct a building scale wastewater treatment and 
disinfection plant is still prohibitive. Water saving techniques must be 
employed in development projects to reduce the demand for Active 
water management. NZW guidelines must be continuously encouraged 
to ensure operational savings and resource conservation. This 
responsibility is placed on the developer, building management, or 
Condominium Corporation. Net Positive Water construction will also 
depend on these authoritative bodies to establish billing collection and 
customer management. The City is no longer responsible to bill residents 
for sewage treatment, or potable water provisions.  
 
Increasing Active water storage and water treatment capacity on higher 
density development will have an impact on other resource streams 
Projects with increased Active building requirements may not be able to 
generate sufficient quantities of positive water quality to combat the 
urban water problem. It is the recommendation of this thesis to apply 
Net Positive Water Guidelines and Standards onto alternative forms of 
domestic building typology to explore the capabilities of Positive water 
generation in higher density domestic intensification.   
 
8.3 Economic Feasibility of Generating Positive Water  
 
Net Positive Water development is more feasible with the support of 
Federal, Provincial and private sector partners. Negotiation with multiple 
levels of government may help to encourage change in local municipal 
codes and legislative acts. This can lead to improvements in the baseline 
standard of water hardware and building performance, encouraged by 
economic changes to development and infrastructure costs.   
 
Net Positive Water building projects should be eligible for all of the 
development and operational savings that were made available to the 
Dockside Green Development. Sustainable water harvesting and 
wastewater treatment on-site allows NPW inhabitants to be exempt from 
municipal sewage charges. The sustainable building performance of 
Dockside Green mitigated the environmental and economic impact of its 
inhabitants to such an extent that the City of Victoria no longer required 
Dockside Green inhabitants to pay property taxes. Development charges 
were also waved as a result of sustainable building engagement and 
Triple Bottom Line (TBL) negotiations.  
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Net Positive Water projects in the City of Toronto would not be subject 
to municipal water charges. Water infrastructure exemptions will amount 
to approximately $16,0001 of construction cost savings per household. A 
total construction cost savings of 2 million dollars2 can be diverted to 
project water treatment systems.   
 
The application of the Ultrafiltration treatment system in Dockside 
Green cost approximately 3 million dollars, treating wastewater each day 
for the entire Dockside Green community at a cost of $0.01 per gallon. 
The application of the Ultrafiltration treatment systems can range 
between 1.5 million dollars for a small scale residential application 
(NPW), up to 30 million for a large scale district projects. The Ultraviolet 
water disinfection and treatment systems cost an additional 1 million 
dollars to ensure the quality and safety of Passively stored water content. 
Total water treatment costs can be mitigated through the Application for 
project funding available from The Federation of Canadian 
Municipalities to offset regulatory costs.   
 
Based on the performance of the water treatment plant at Dockside 
Green, estimated operational costs for a two-bedroom unit is about $215 
per annum, including capital replacement. Comparing the cost of water 
provisions to those witnessed in the City of Toronto, the projected 
annual cost savings for NPW inhabitants can yield upwards of 65% 
savings.    
 
The value of the water generated in Dockside Green is estimated to save 
over $81,000 per annum for the development. The Net Positive Water 
pilot project is able to generate upwards of $22,000 per annum3 in water 
value after the 2nd year of building performance. Positive water resources 
can be sold to neighbours to generate additional project revenue. 
 
8.4 Conclusion 
 
Water storage is a fundamental requirement for sustainable water in 
domestic urban construction. Maximum Passive water storage can be 
achieved through the use of on-site Green roof systems, landscape soil 
and vegetation areas, waterways/water features and paving surfaces. 
Active water storage can be achieved through the adaptation of thermal 
conditioning building mechanisms in Capillary Mat systems and 
Borehole ground source heat pumps. The entire Passive and Active 
water storage strategy makes sustainable water harvesting possible in an 
urban domestic building application to fulfill annual NZW demand. 
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NPW Quality is ensured by separating available water provisions into 
quality classifications. NPW achieves NZW sustainable inhabitant use by 
providing Potable and Non-Potable water quality in each pilot project 
residential unit. Potable water conservation is achieved through the use 
of water monitoring and metering. Non-Potable water quality is provided 
as the appropriate resource to achieve Non-Potable water related 
household tasks. Potable and Non-Potable NZW mitigates 
overconsumption and resource misuse.  
 
Net Positive water is also generated as a result of the fixed quantity of 
sustainable water storage. Sustainable water harvesting as a component 
of the urban water cycle is a continuous process whereby Greenwater 
resources will continue to enter the NPW building cycle. Once Passive 
and Active storage mechanisms have reached sufficient capacity to 
provide for annual NZW inhabitant use, excess water resources are 
treated by the NPW building cycle to generate of Net Positive water 
outflow.   
 
The conclusion and result of the Passive and Active strategy for 
water storage in Net Positive Water building typology is that the 
greater Passive water storage capacity, the greater the capability 
for a NPW project to generate Net Positive Water. Net Positive 
Water is also a function of the implementation of water use 
reduction strategies for Net Zero Water.  
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8.5 Afterwards 
Net Positive Water divulges upon a projects capability to generate a 
larger quantity of positive water quality than the volume of degraded 
water that is produced as a result of inhabitant use. Clarification of the 
term is the capacity for a project to process water exceeding the volume 
of water utilized on an annually calculated basis.  
Water independence in Net Positive Water projects may require changes 
in construction building processes to accommodate for water harvesting 
prior to tenant inhabitation in order to accumulate sufficient water 
resources to support resident demand. Another alternative is to initialize 
a one-time purchase of municipal water resources to initiate building 
water processes.   
Net Positive Water will have a greater environmental and economic 
relevance in urban regions subject to drought conditions and resource 
scarcity. The application of NPW will have greater significance when 
deployed in regions that are subject to the crisis of water scarcity. The 
urban water problem in the City of Toronto can still be remediated by 
improving water infrastructure and municipal management practices. 
Declining water quality in the Great Lakes Basin should be noted, but 
the urgency of the problem is still in its infancy.  
Due to the substantial wealth of water resources in the City of Toronto, 
inhabitants have formed a dismissive nature towards water and water 
use. Sustainable volumes of water use as prescribed by Net Zero Water 
cannot rely on the trust of inhabitants as a valid means to achieve the 
required conservation target of 70 LPCD. Net Positive Water 
construction will require contracts that must be agreed upon by residents 
in order to establish sustainable Net Zero Water use. Green education in 
the form of LEEDTM and comparable green inhabitation guidelines 
should be provided to support the sustainable resource use initiative.  
Net Positive Water relying on Water independent projects will require 
inhabitants to utilize processed Greywater and Blackwater for potable 
household use.  A large volume of trust is placed upon Ultrafiltration 
and Ultraviolet water renewal technologies to achieve reusable water 
resources. There is the possibility that these systems may be unable to 
remove water borne particulates such as hormones as well as other 
remnants that result from prescription drug use. Unlike municipal water 
processes of ‘dilution is the solution’, a closed-loop water reuse cycle 
may increase the health risks of inhabitants if water processes do not 
perform as intended.    
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One solution to the issue of Blackwater isolation and management that 
has not been look at with Net Positive Water is the use of Composting 
toilets. Composting toilets separating waste water and waste solids may 
be relevant for future applications of Net Positive Water. Compositing is 
a Passive waste management process that can ensure the removal of 
hormones and other potential health risks to the NPW reuse cycle.  
The Bullitt Center – Seattle Washington is a newly constructed 
commercial building that introduces composting toilets into urban 
buildings on a larger multi-storey scale. Touted as one of the largest 
Living Buildings in North America, the project’s Blackwater system 
diverts human waste from 10 composting toilets into individual compost 
modules. Composting toilets introduce foaming biodegradable alcohol 
each flush as waste is conveyed to the subterranean modules. The 
modules inter-mix sod and wood chips into the waste material to initiate 
anaerobic composting. Technicians are required to churn each compost 
module once per day to maintain composting processes. A connection to 
municipal sewage systems is maintained in the event of an emergency.  
To accommodate compositing toilets throughout residential building 
construction, slab type building typology in the form of mid-rise 
construction can serve as an applicable project platform. Logistics and 
plumbing organization can potentially have greater flexibility to 
incorporate compositing hardware under mid-rise design. Multi-unit 
residential applications must accommodate increased project floor area 
occupancy due to the scale of each composting system (81”x61”x40) per 
each composting toilet (+ 196m2/ 26,263 ft2 if applied to the mid-rise 
pilot project). System mechanization should be considered to ‘churn’ all 
composting modules due to the high number of composters required for 
residential applications.  
The introduction of composting systems under the Net Positive Water 
Management cycle is displayed in the following diagram.  
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Endnotes: 
                                                            
1 Refer to Area Calculation in Appendix E Section Two No. 35 Pg. 10 
2 $16,875 one-time construction cost savings multiplied by 123 units situated in the Net Positive Water pilot project  
3 Refer to Area Calculation in Appendix E Section Two No. 34 Pg. 10 
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Appendix A               
Section.ONE: Net Zero Water Hardware and Appliances         
Caroma High Efficiency Toilet 
240 
 
American Standard Ultra Low Flow Lavatory Faucet 
670 USD 
241 
 
Niagara Conservation Ultra Low Flow Showerhead 
242 
 
Frigidaire Ultra High Efficiency Washing Machine – 2.8 WF (Water Factor)  
 
Whirlpool Ultra High Efficiency Dishwasher  
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Section TWO: Net Positive Water Building Systems 
Passive Water Storage and filtration – ZinCo Green Roof Systems 
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Passive Water Storage – On-site and Building applications 
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Stormwater infrastructure – Silva Cell substrate structural support 
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Enerworks Solar Thermal Panel – Active Water Storage mechanism 
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BEKDA Capillary Mat Thermal Conditioning - Active Water Storage mechanism 
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GE Ultrafiltration Water Treatment Module – Active Water quality renewal 
 
  
249 
 
Ultraviolet Water Treatment Module – Active Water quality renewal 
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Appendix B Green Building Guidelines – Water related Principles & Standards 
Table #1 LEEDTM  NC Water Related Credits (RED) 
LEED for New Construction and Major Renovation
Yes ? No
Sustainable Sites 24 Points
Y Prereq 1 Construction Activity Pollution Prevention Required
Y Prereq 2 Environmental Site Assessment Required
Credit 1 Site Selection 1
Credit 2 Development Density & Community Connectivity 4
Credit 3 Brownfield Redevelopment 1
Credit 4.1 Alternative Transportation, Public Transportation Access 4
Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1
Credit 4.3 Alternative Transportation, Low-Emitting and Fuel-Efficient Vehicles 2
Credit 4.4 Alternative Transportation, Parking Capacity 2
Credit 5.1 Site Development, Protect of Restore Habitat 1
Credit 5.2 Site Development, Maximize Open Space 1
Credit 6.1 Stormwater Design, Quantity Control 1
Credit 6.2 Stormwater Design, Quality Control 1
Credit 7.1 Heat Island Effect, Non-Roof 1
Credit 7.2 Heat Island Effect, Roof 1
Credit 8 Light Pollution Reduction 1
Credit 9 Site Master Plan 1
Credit 10 Joint Use of Facilities 1
Water Efficiency 11 Points
Y Prereq 1 Water Use Reduction, 20% Reduction Required
Credit 1 Water Efficient Landscaping 2 to 4
Credit 2 Innovative Wastewater Technologies 2
Credit 3 Water Use Reduction 2 to 4
Credit 4 Process Water Use Reduction 1
Energy & Atmosphere 33 Points
Y Prereq 1 Fundamental Commissioning of the Building Energy Systems Required
Y Prereq 2 Minimum Energy Performance Required
Y Prereq 3 Fundamental Refrigerant Management Required
Credit 1 Optimize Energy Performance 1 to 19
Credit 2 On-Site Renewable Energy 1 to 7
Credit 3 Enhanced Commissioning 2
Credit 4 Enhanced Refrigerant Management 1
Credit 5 Measurement & Verification 2
Credit 6 Green Power 2
Net Positive Water
Toronto Port Lands
Materials & Resources 13 Points
Y Prereq 1 Storage & Collection of Recyclables Required
Credit 1.1 Building Reuse, Maintain Existing Walls, Floors & Roof 1 to 2
Credit 1.2 Building Reuse, Maintain 50% of Interior Non-Structural Elements 1
Credit 2 Construction Waste Management 1 to 2
Credit 3 Materials Reuse 1 to 2
Credit 4 Recycled Content 1 to 2
Credit 5 Regional Materials 1 to 2
Credit 6 Rapidly Renewable Materials 1
Credit 7 Certified Wood 1
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Indoor Environmental Quality 19 Points
Y Prereq 1 Minimum IAQ Performance Required
Y Prereq 2 Environmental Tobacco Smoke (ETS) Control Required
Y Prereq 3 Minimum Acoustical Performance Required
Credit 1 Outdoor Air Delivery Monitoring 1
Credit 2 Increased Ventilation 1
Credit 3.1 Construction IAQ Management Plan, During Construction 1
Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1
Credit 4 Low-Emitting Materials 1 to 4
Credit 5 Indoor Chemical & Pollutant Source Control 1
Credit 6.1 Controllability of Systems, Lighting 1
Credit 6.2 Controllability of Systems, Thermal Comfort 1
Credit 7.1 Thermal Comfort, Design 1
Credit 7.2 Thermal Comfort, Verification 1
Credit 8.1 Daylight & Views, Daylight 1 to 3
Credit 8.2 Daylight & Views, Views for 90% of Spaces 1
Credit 9 Enhanced Acoustical Performance 1
Credit 10 Mold Prevention 1
Innovation & Design Process 6 Points
Credit 1.1 Innovation in Design: Provide Specific Title 1
Credit 1.2 Innovation in Design: Provide Specific Title 1
Credit 1.3 Innovation in Design: Provide Specific Title 1
Credit 1.4 Innovation in Design: Provide Specific Title 1
Credit 2 LEED® Accredited Professional 1
Credit 3 The School as a Teaching Tool 1
Regional Priority 4 Points
Credit 1.1 Regional Priority: Provide Specific Title 1
Credit 1.2 Regional Priority: Provide Specific Title 1
Credit 1.3 Regional Priority: Provide Specific Title 1
Credit 1.4 Regional Priority: Provide Specific Title 1
Project Totals  (pre-certification estimates) 110 Points
Yes ? No Certified 40-49 points   Silver 50-59 points   Gold 60-79 points   Platinum  80-110 points
 
*15 immediate references to Water Efficiency and Conservation credits* 
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Table #2 LEEDTM  NC Water Use Reduction Prerequisite 
 
 
 
Table #3 Water Use Reduction Percentage/Credits  (Water Efficiency CREDIT 3) 
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Table #4 LEEDTM Mid-rise Indoor Water Performance  
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Table#5 The Living Building Challenge.  
Scale Jumping Resource conservation
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Table #6 Waterfront Toronto – Lower Don Lands 
Minimum Green Building Requirement 
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Table #7 Potential Ontario Building Code (OBC)  
Water use and Water reuse Changes for 2011 
 
 

 
 
  
CHANGE # CODE REFERENCE SUBJECT
W-A-01-04-01 Div. A 1.4.1.2. Add a new deﬁnition for “rainwater”.
W-B-07-01-01 Div. B 7.1.5.3.(2) Permit the re-use of storm sewage or greywater 
for sub-surface irrigation and include a new list of 
permitted use for rainwater.
Div. B
Table 7.6.4.1.
W-B-07-06-02 Div. B 7.6.4.2. Editorial change to replace the term “ﬂush cycle” 
with “maximum water consumption per ﬂush 
cycle”.
W-B-07-06-03 Div. B 7.6.4.2. Increase the water eﬃciency  requirements for 
water closets and urinals.
W-B-07-07-01 Div. B 7.7.1.1. Clarify requirements for the selection of backﬂow 
prevention devices.
W-B-07-07-02 Div. B 7.7.2.1. Clarify the marking requirements for non-potable 
water systems.
W-B-07-07-03 Div. B 7.7.3.2. Permit rainwater to be used for clothes washing.
W-B-07-07-04 Div. B 7.7.4. Add new requirements to regulate the design for 
the re-use of non-potable water systems.
W-B-09-31-01 Div. B 9.31.4.1(1) Permit a drainless composting water closet to be 
provided as an alternative to a water closet in 
every dwelling unit where a piped water supply is 
available.
W-B-07-06-01 Increase the water eﬃciency  requirements for 
shower heads in residential occupancies.
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Appendix C – Passive Building Performance landscape plantings and vegetation 
Table #1 City of Toronto – Native Shrubs 
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Table #2 City of Toronto – Native Tree Species 
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Table #3 Resilient Landscape & Aquatic Plant Species 
 
 
 
Table # 4 City of Toronto – Native Soil Types  
Water Absorption Rates 
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Appendix D Water Facts 
Table #1 
Indoor W ater Use Breakdown
Average Canadian Inhabitant Water DCPL842egasu
DCPLtnecrePDCPLtnecreP
82.72%11skaeL44.96%82telioT
Clothes 44.7%3shtaB65.45%22rehsaW
Shower 19% 47.12 Dishwasher 2% 4.96
02.73%51tecuaF
Re fe re n ce : Ci ty o f To ro nto  W e t W e a the r Fl ow Ma s te r Pl a n  
1. Household Water use Facts: 
12 litres per 2 minute brushing of teeth  
2 litres per hand and face wash 
80 litres to run a full bath 
45 litres for a 5 minute shower 
2.    Leakage 
 Faucet: A steady drip can waste up to 55 litres of water in 24 hours 
 
3. Single Family Household water usage trends  
Average number of peoples per household: 3.2 
Classification: single-detached, semi-detached, row housing (3-6 units), plexes (2-6 units) 
34% of Toronto’s Water Usage as of 2011 
A. Toilet 
Average number of flushes per capita per day: 5  
Average flush volume of an inefficient toilet is 16.5 litres  (82.5 litres per day) 
Average flush volume of efficient conventional toilet is 6 litres (30 litres per day) 
Average flush volume of efficient dual-flush toilet is 4.3 litres (21.5 litres per day, 74% reduction) 
Average of 2 toilets per household  
B. Shower 
Average number of showers per day: 1 
Average shower time: 
Males: 10 minutes 
Females: 20 minutes 
Average shower volume using inefficient showerhead is 45 litres per day 
Average shower volume using a flow restriction device is 38 litres per day 
Average shower volume using a low flow showerhead is 27 litres per day (46 % reduction) 
C. Drinking  
             Average volume of water demand per day per household:  
             Average volume per water container: 1 litre  
             4 litres per average to run faucets until cold water output  
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4. Multi-Unit Household water usage trends 
Average number of peoples per household: 2.4 
Classification: high-rise or low-rise apartment buildings, condominiums, co-operatives.  
All greater than 6 units 
19% of Toronto’s Water Usage as of 2011 
Average number of flushes per capita per day:  7  
o Inefficient toilet: 115.5 litres per day 
o Effective toilet: 42 litres per day 
o Effective toilet: 30.1 litres per day 
Average of 1.15 toilets per unit 
 
5. Outdoor Water Use Breakdown 
Household irrigation: 420L per home 
Household (Multi-unit) irrigation: 60L per unit 
 
Calculated Wastewater Flow: 988 ML per day 
Untreated Sewage Discharge:  
33 combined sewage or direct sewage outflow events reported: 246 ML (2006) 
28 combined sewage or direct sewage outflow events reported: 58 ML (2007) 
 
6. City of Toronto Water infrastructure 
Area Coverage: approximately 620 square kilometres 
Urban forestry coverage:  20%  
Ravine and Natural area coverage: 30% 
Population: 2.72million as of 2010 
Number of homes: 979,000 approx. 
 
7. City of Toronto Water assets 
4 Water Filtration plants 
8 water pumping stations 
5,016km of distribution watermain 
 
4 Wastewater treatment plants 
4,048 sanitary sewers 
1,301km of combined sewers (CSO) 
4,305km of storm sewers 
3 stormwater management treatment facilities 
 
8. Toronto water consumption values (2008): 
481,032 Megalitres (ML) per annum 
Peak Day Demand (Summer Drought Season): 2,270 ML per day 
Average Winter demand: 1,270 ML per day 
Average daily water demand: 1,317 ML per day 
Average daily water demand per household: 687L per day 
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9. Toronto's soil content 
The majority of Toronto is clay soils, more specifically, Gray Brown Luvisolic (GBL) soil. GBL has various 
layers, called horizons, and each horizon has different properties. The top layer is a loamy soil, which is ideal 
for infiltration but it is only about a foot deep. There are also several clay levels below, which can slow down 
the infiltration process because of saturation. The soil profile shows the various levels within GBL, along 
with the clay, loam and sand content percentages. 
 
10. Toronto Port Lands Soil Profile 
Sand 
Silt 
Gravel 
Organic Material 
 
11. Basic Remediation Process 
Excavation 
Treatment Process 
Destination (on-site or off-site) 
 
12. Plumbing Flow Rate in Toronto’s High-Rise Condominiums 
15 Feet per Second (FPS) in the vertical arrangement 
4-8 Feet per Second (FPS) in the horizontal arrangement 
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